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METHODS AND COMPOSITIONS FOR REGUL ATION OP fiD28 EXPRESSION 

Inventor: Robert C. Tarn 

I. FIELD OF THE INVENTION 

The invention is in the field of modulating gene expression 
through the use of oligomers, particularly those oligomers 
effective in treating immune system-mediated diseases. 

II. BACKGROUW OF THE INVENTION 

While the immune system plays a crucial roie in protecting 
higher organisms against life- threatening infections, the immune 
system also plays a crucial part in the pathogenesis of numerous 
diseases. Those diseases in which the immune system plays a par 
include autoimmune diseases in which the immune system reacts 
against an autologous antigen, e.g., systemic lupus 
erythematosus, or diseases associated with immunoregulation 
initiated by reaction to a foreign antigen, e.g., graft vs. host 
disease observed in transplantation rejection. 

The pathogenesis and exacerbation of many common T-cell 
mediated diseases result from an inappropriate immune response 
driven by abnormal T-cell activation. The presence of activated 
T-cells have been reported in many T-cell mediated skin diseases 
(Simon et al . , (1994) J. Invest Derm.. U12: 539-543) . For 
example, psoriasis, which afflicts 21 of the Western population 
including four million Americans, is a skin disorder 
characterized by keratinocyte hyperprolif eration and abnormal 
dermal and epidermal infiltration of activated T-cells. Many 
reports suggest a major role of these activated T-celis in the 
pathogenesis of psoriasis (Baadsgaard et al., :i990) J. Invent 
UZHZ., 25:275-282, Chang et al., (1992) Arch. Derm .. 121:1479- 
1485, Schlaak et al., (1994) J. Invest Derm.. 1^2:145-149) and I 
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AIDS-exacerbated psoriasis (Duvic (1990) J. Invest. Perm .. 

38S-40S) . in psoriasis, activated lesionai 7-ceiis 
predominantly release the Thl cytokines (IL-2, interf eron-ganuna) 
(Schlaak et al., (1994) J. Invest Dprm .. 102:145-149) . These 
secreted cytokines induce normal keratinocytes to express the 
same phenotype (HLA DR+/ICAM-1+) as found in psoriasis lesions 
(Baadsgaard et al., (1990) J. Invest Dprm.. i£:2~5-232) . Also, 
by virtue of its in vitro and in vivo proinflammatory properties 
and because it is secreted in large amounts by both activated 
T-cells and keratinocytes from psoriatic lesions, IL-8 is 
considered to be a major contributor to the pathologic changes 
seen in psoriatic skin such as keratinocyte hyperprolif eration. 
Furthermore, one of the B7 family of receptors (the natural 
ligands for CD28 found on activated APC) , BBl,has been shown to 
be expressed in psoriatic but not unaffected skin keratinocytes 
(Nickoloff, et al., (1993) Am. J, Pathology . 112:1029-1040). 

A number of other diseases are thought to be caused by 
aberrant T-cell activation, including Type I (insulin-dependent) 
diabetes mellitus, thyroiditis, sarcoidosis, multiple sclerosis, 
autoimmune uveitis, rheumatoid arthritis, systemic lupus 
erythematosus, inflammatory bowel disease (Crohn's and ulcerative 
colitis) and autoimmune hepatitis. In addition, a variety of . 
syndromes including septic shock and tumor-induced cachexia may 
involve T-cell activation and augmented production of potentially 
toxic levels of lymphokines . Normal T-cell activation also 
mediates the rejection of transplanted cells and organs by 
providing the necessary signals for the effective destruction of 
the "foreign" donor tissue. 

The activation of T-lymphocytes leading to T-cell 
proliferation and gene expression and secretion of specific 
immunomodulatory cytokines requires two independent signals. 
The first signal involves the recognition, by specific T-cell 
receptor/CD3 complex, of antigen presented by major histocompati- 
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bility complex molecules on the surface of antigen presenting 
cells (APCs). Antigen-nonspecific intercellular interactions 
between T-cells and APCs provide the second signal that serves to 
regulate T-cell responses to antigen. These secondary or 
costimulatory signals determine the magnitude of a T-cell 
response to antigen. Costimulated cells react by increasing the 
levels of specific cytokine gene transcription and by stabilizing 
selected mRNAs . In the absence of costimulation, T-cell activa- 
tion results in an aborted or anergic T-cell response. One key 
costimulatory signal is provided by interaction of the T-cell 
surface receptor CD28 with B7-related molecules on APC (Linsley 
and Ledbetter (1993) Ann. R-y Immunol., 11:191-212). CD28 is 
constitutiveiy expressed on 951 of CD4 + T-cells (which provide 
helper functions for B-cell antibody production, and 50% of CD8+ 
T-cells (which have cytotoxic functions, (xamada e t ai., (19 8 5, 
E UC . J l T ™"^ - 15:1164-1168). Following antigenic or in vitro 
mitogenic stimulation, further induction of surface levels of 
CD28 occurs, as well as the production of certain immunomodula- 
tory cytokines. These include interleukin-2 (IL-2), required for 
cell cycle progression of T-cells, interf eron-gamma, which 
displays a wide variety of anti-viral and anti-tumor effects and 
mterleukin-8 (IL-8), known as a potent chemotactic factor for 
neutrophils and lymphocytes. These cytokines have been shown to 
be regulated by the CD28 pathway of T-cell activation (Fraser et 
al., (1991, Sc i ence , 2*1:313-316, Seder et al.. (1994) J. r*n 
Mfid., 122:299-304, Wechsler et al.. (1994, J . ^..nm 
1*2:2515-2523) . il-2, interferon-gamma, and IL-8 are essential 
in promoting a wide range of immune responses and have been shown 
to be overexpressed in many T-cell mediated disease states. 

In some T-cell mediated skin disorders such as allergic 
contact dermatitis and lichen planus, CD28 was expressed in high 
levels in the majority of dermal and epidermal CD3+ T-cells but 
in normal skin and basal cell carcinoma (a non T-cell mediated 
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skin disease), CD28 was expressed only in perivascular T-ceiis. 
Similarly, in both allergic contact dermatitis and lichen planus, 
B7 expression was found on dermal dendritic cells, dermal APCs 
and on keratinocytes but not in normal skin and basal ceii 
carcinoma (Simon et al., (1994) J. Invest Derm.. 539-543) . 

Therefore this suggests that the CD28/B7 pathway is an important 
mediator of T-cell-mediated skin diseases. 

Aberrant T-cell activation associated with certain 
autoimmune diseases caused by the loss of self-tolerance is 
predominantly characterized by the presence of CD28 + T-celis and 
expression of its ligand, B7 on activated professional APCs 
(monocyte, macrophage or dendritic cells) . These include 
autoimmune Graves thyroiditis (Garcia-Cozar et al., (1993) 
Immunol . . 12:32), sarcoidosis (Vandenbergh et al., (1993) Int . 
Immunol . . £:317-321), rheumatoid arthritis (Verwilghen et al. 
(1994) J. Immunol .. 1^2:1378-1385) and systemic lupus 
erythematosus (Sfikakis et al., (1994) Clin, EXP> Immunol-, 
96:8-14) , In normal T-cell activation, which mediates the 
rejection of transplanted cells and organs, the binding of CD28 
by its appropriate B7 ligand during T-cell receptor engagement is 
critical for proper allogeneic response to foreign antigens, for 
example, on donor tissue (Azuma et al., (1992) J, EX]?t Meti-? 
12^:353-360, Turka et al., (1992) Proc. Nat. Acad. Sci. USA, 
12:11102-11105) . 

Traditional therapies for autoimmune diseases do not prevent 
T-cell activation; the effector step in the autoreactive immune 
responses to self-antigen. Drugs, such as steroids and 
non-steroid anti-inflammatory drugs (NSAIDS), are currently used 
to ameliorate symptoms, but they do not prevent the progression 
of the disease. In addition, steroids can have side effects such 
as inducing osteoporosis, organ toxicity and diabetes, and can 
accelerate the cartilage degeneration process and cause so-called 
post-injection flares for up to 2 to 8 hours. NSAIDS can have 
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gastrointestinal side effects and increase the risk of 
agranulocytosis and iatrogenic hepatitis. Immunosuppressive 
drugs are also used as another form of therapy, especially in 
advanced disease stages. However, these drugs suppress the 
entire immune system and often treatment has severe side effec-s 
including hypertension and nephrotoxicity. Also established 
immunosuppressants such as cyclosporin and FK506 cannot inhi— 
the CD28-dependent T-cell activation pathway (June et si., (1987) 
MQl. Cpl 1 , Biol ., 7:4472-4481). 

Given the shortcomings of currently-available pharma- 
ceuticals and methods for treating immune system-mediated 
diseases, it is of interest to provide new methods and com- 
positions for treating such diseases. 

"I- SUMMARY ft p THE TMypf l TT flH 

The subject invention provides methods and compositions for 
the treatment of immune system-mediated diseases. The composi- 
tions of the invention have the property of reducing the 
expression of CD28 in cells of interest, which in turn moderate 
pathogenic effects of the immune system in an immune system- 
mediated disease. The subject methods of reducing CD28 
expression may also serve as methods of reducing the effects o- 
antigenic stimulation of CD28' T cells, thereby decreasing the 
.evel of activation of CD28' T cells and the release of cytokines 
associated with T cell activation, including interleukin-2, 
interferon-gamma, and interleukin-8 . The compositions of the 
invention include many different oligomers capable of reducing 
the expression of CD28. 

One aspect of the invention is to provide oligomers capable 
of reducing the expression of CD28 by interfering with the 
expression of CD28. The oligomers of the invention have nucleic 
acid base sequence homology to a CD28 gene or a CD28 gene 
transcript, or a portion thereof, where the homology is 
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sufficient to permit formation of a nucleic acid doubie-stranded 
helix or triple-stranded helix under intracellular conditions. 
The oligomers of the invention may be DNA, RNA, or various 
synthetic analogs thereof. In particular embodiments, oligomers 
having 11 to 50 bases comprising at least two sequences of GGGG 
separated by 3 to 5 bases. 

Another aspect of the invention is to provide genetic 
engineering vectors for the intracellular expression of oligomers 
of the invention in cells of interest, preferably cells that 
naturally express CD28. 

Another aspect of the invention is to provide pharmaceutical 
formulations comprising one or more different oligomers of the 
invention. The pharmaceutical formulations may be adapted for 
various forms of administration to the body or administration to 
cells to be reintroduced into the body. 

Another aspect of the invention is to provide methods for 
the treatment of immune system-mediated diseases. The methods of 
the invention involve modulating CD28 expression by administering 
an effective amount of the oligomers of the invention. The 
methods of the invention include methods of treating autoimmune 
disease, methods of reducing inflammation, response, methods of 
reducing the production of selected cytokines, methods of 
inactivating T celis, and methods of immunosuppressing a 
transplant patient. 

IV. BRIEF DESC RIPTION OF THE DRAWINGS 

Figure 1 is the sequence of the 5* untranslated region of 
the CD28 gene ( 1A) and the mRNA sequence of human CD28 (IB, 1C) . 
Figures IB and 1C represent different contiguous portions of a 
polynucleotide sequence . 

Figure 2 is a graphical representation of the percentage of 
viable (live) T-cells following treatment with various CD28- 
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specific and control phosphorothioate and phosphorothioate- 
3 'hydroxypropylamine oligonucleotides . 

Figure 3 is a graphical representation of anti-CD3 
monoclonal antibody/PMA-induced CD28 expression in human T-cells 
from two donors (GV010 and JCOll), (A) and the effect of 
CD28-specific and control phosphorothioate (B, batch 1 and 2) and 
phosphorothioate-3 'hydroxypropylamine (C) oligonucleotides on 
anti-CD3 monoclonal antibody/PMA-induced CD28 expression in 
peripheral blood T-cells from the same 2 donors. 

Figure 4 is a graphical representation of A) the induction 
of T-cell proliferation by mitogens in human T-cells from donor 
KS006 and B) the effect of CD28-specific and control 
phosphorothioate oligonucleotides on anti-CD3 monoclonal 
antibody/PMA-induced human T-cell proliferation. 

Figure 5 is a graphical representation of the induction of 
interleukin-2 (IL-2) production by anti-CD3 monoclonal antibody 
and PMA in human T-cells (A) and the effect of CD28-specif ic and 
control phosphorothioate (B) phosphorothioate- 3 • hydroxypropyl- 
amine (C) oligonucleotides on anti-CD3 monoclonal antibody/ 
PMA- induced IL-2 production in human peripheral T-cells. 

Figure 6 is a graphical representation of the induction of 
interferon-gamma (IFN Y ) production by anti-CD3 monoclonal 
antibody and PMA in human T-cells (A) and the effect of 
CD28-specific and control phosphorothioate (B) phosphorothio- 
ate- 3 'hydroxypropylamine (C) oligonucleotides on anti-CD3 
monoclonal antibody/PMA-induced interferon-gamma production in 
human peripheral T-cells. 

Figure 7 is a graphical representation of the induction of 
interleukin-8 (IL-8) production by anti-CD3 monoclonal antibody 
and PMA in human T-cells (A) and the effect of CD28-specif ic and 
control phosphorothioate (B) phosphorothioate-3 'hydroxypropyl- 
amine (C) oligonucleotides on anti-CD3 monoclonal antibody/PMA- 
induced IL-8 production in human peripheral T-cells. 
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Figure 8 is a graphical representation of the induction c: 
interieukin-2 receptor (IL-2R, otherwise known as CD25) (A) and 
intracellular adhesion molecule-1 (ICAM-1 otherwise known as 
CD54) (3) expression by anti-CD3 monoclonal antibody and PMA in 
human peripheral T-cells treated with and without CD28-specif ic 
and control phosphorothioate 3 ■ hydroxypropylamine oligonucleo- 
tides . 

Figure 9 is a graphical representation of CD28 expression in 
HUT 78 (A) and Jurkat (B) human T-cell lines before and after 
anti-CD3 monoclonal antibody and PMA treatment, and the effect of 
CD28-specif ic phosphorothioate oligonucleotides in anti-CD3 mono- 
clonal antibody and PMA-treated Jurkat cells (C) . 

Figure 10 is a graphical representation of the effect of 
CD28-specif ic phosphorothioate oligonucleotides on interleukin-2 
production in anti-CD3 monoclonal antibody and PMA-treated HUT 78 
(A) and Jurkat ( B) human T-cell lines. 

Figure 11 is a graphical representation of the effect of 
phosphorothioate oligonucleotides on surface expression of 
accessory molecules and on cytokine secretion in activated T 
cells . 

Figure 12 is a graphical representation of the effect cf 
phosphorothioate oligonucleotides on CD28 and CD25 mRNA levels. 

Figure 13 is a graphical representation of the specificity 
of oligonucleotides RT03S (SEQ ID NO: 44) and RT04S (SEQ ID NO: 
45) with respect to inhibitory effect on functional CD28 
expression. 

Figure 14 is a graphical representation of the tolerance 
induction in vitro by the CD28-specif ic oligonucleotides, RT03S 
(SEQ ID NO: 44) and RT04S (SEQ ID NO: 45). 

Figure 15 is a graphical representation of the in vitro 
stability of "P-labeled phosphorothioates, RT03S (SEQ ID NO: 44) 
and RTC06S (SEQ ID NO: 48) in extracellular supernatants (top 
panel) and Jurkat cell lysates (bottom panel). 
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Described herein are methods and compositions for t-eati- 
immune system-mediated diseases, wherein the desired therapeutic 
effect is achieved by decreasing the expression of CD28, thereby 
abrogating activated CD28' T cell function and decreasing 
activation of other immune system cells. The inventor has 
discovered that antigen-dependent T cell activation may be 
inhibited by decreasing the expression of CD28 in CD28' T cells 
The invention provides numerous compounds that may be used to 
decrease the expression of CD28 in T cells. 

The invention described herein involves the discovery that 
decreasing CD28 expression in T cells can interfere with the 
antigen-specific activation of T cells. The discovery may be 
used to provide numerous methods of treating immune system- 
mediated diseases with oligomers targeted to CD28 and with non- 
oiigomer compounds that decrease CD28 expression. By employing 
the discoveries of the biological effects of decreasing CD28 
expression as described in this application, numerous methods of 
treating immune system-mediated diseases are provided, such 
methods may employ non-oligomer compounds that have not yet been 
synthesized or purified. 

One aspect of the invention is to provide for oligomers that 
can be used to inhibit gene expression of certain genes is an 
established technique frequently referred to as the use of "anti- 
sense" oligonucleotides or "anti-sense therapy." Numerous 
publications on the construction and use of anti-sense are 
available. Exemplary of such publications are: Stein et al 
SZlznZZ, 251:1004-1012 (1993); Milligan, et j. M »rt . r^i 

^:1923-1937 (1993,; Helene, et al., J. Blnrhi, »„^ n Vn 
1^99-125 (1990,; Wagner, NatUFP., 212:333-335 (1994,; and 
Crooke and Lebleu, Anti-sensP Bfififiargfl and fl P piir»M»n« C RC 
Press, Boca Raton (1993,. The term "anti-sense" as used herein, 
unless indicated otherwise, refers to oligomers (including oligo- 
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nucleotides) capable of forming either double-stranded or triple- 
stranded (triplex) helices with polynucleotides so as to 
interfere with gene expression. The principles of anti-sense 
design and use described in these publications, and other similar 
publications, may be used by the person of ordinary skill in the 
art to design, make, and use various embodiments of the CD28 
specific oligomers of the invention. 

The oligomers of the invention are capable of modulating the 
expression of the CD28 gene. The oligomers of the invention 
include those oligomers that have the property of being able to 
form either a double-stranded polynucleotide helix by hybridizing 
with CD28 transcripts (or portions thereof), or a double-stranded 
polynucleotide helix by hybridizing with a portion or portions of 
a CD28 gene, wherein the helix formation may occur under 
intracellular conditions. The oligomers of the invention also 
include those oligomers that are capable of affecting the 
regulation of gene expression such as by acting as molecular 
decoys and preventing protein-nucleic acid interaction of 
transcription factors with regulatory elements of the 
untranslated regions of the CD28 gene. Additionally, the 
oligomers of the invention include those oligomers that are 
capable of forming a triple-stranded polynucleotide helix with a 
portion or portions of a CD28 gene, wherein the helix formation 
may occur under intracellular conditions. Both double-stranded 
helix and triple-stranded helix base pairing relationships 
between nucleic acid bases (e.g., adenine-thymine, cytosine- 
guanine, uracil- thymine) are known to the person of ordinary 
skill in the art and may be employed in the design of the 
oligomers of the invention. Regions of the CD28 gene or CD28 
gene transcript at which double-stranded helix or triple-stranded 
helix formation can occur with a given oligomer of the invention 
are said to be "targeted" by that oligomer. 
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Human CD28 is a 90-kDa homodimeric transmembrane glyco- 
protein present on the surface of a subset of T ceils CD-3 «, 
present on most CD4' T cells and about 50% of CD8* T cells The 
DNA sequence encoding human CD28 has been resolved as can be 
found, among other places, in Lee et si. Journ,, 

1^:344-352 (1 990, and on publicly accessible gene databases such 
as GenBank. The human CD28 gene comprises four exons, eac h 
defining a functional domain of the predicted protein. 
Transcription products of varying sizes have been observed to be 
produced from the human CD28 gene. The oligomers of the 
invention may be designed by referring to the published 
nucleotide sequence of the CD28 gene or the sequence of CD28 
gene-derived cDNAs . The compositions and methods of the 
invention may be readily adapted for use in mammals other than 
humans by referring to the sequence of the CD28 gene from non- 
human mammals, the sequence of non-human CD28 gene may be 
obtained by, among other methods, using previously identified 
CD28 gene sequences from humans (or other mammals) as gene 
library hybridization probes and/or PCR (polymerase chain 
reaction, amplification primers. While the published nucleotide 
sequences of the CD28 gene are believed to be accurate, the 
subject invention may be practiced by the person of ordinary 
skill in the art even if the published nucleotide base sequence 
of CD28 contains sequencing errors. The proper nucleotide base 
sequence errors in published sequences may be detected by, among 
other means, re-sequencing regions of the CD28 gene (or CD28 gene 
transcripts, targeted by the oligomers of the invention. Re- 
sequencing may be performed by means of conventional DNA 
sequencing technology. 

The oligomers of the invention preferably comprise from 
about 11 to about 50 nucleic acid base units. It will be readily 
appreciated by the person of ordinary skill in the art that 
oligomers of the invention may be significantly longer than 50 
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nucieic acid base units. In a more preferred embodiment cf the 
invention, the oligomers comprise from about 8 to about 25 
nucieic acid base units; more preferably from about 14 nucieic 
acid base units to about 22 nucleic base units. The preferred 
size limitations for the oligomers of the invention pertain only 
to those oligomers that are to be administered extracelluiariy to 
a cell and are not applicable to intracellularly produced C328 
specific oligomers, e.g., as produced from vectors for the 
genetic manipulation of target host cells. 

The oligomers of the invention may have numerous different 
nucleic acid base sequences. The oligomers of the invention may 
be selected to reduce expression of CD28 by hybridizing (through 
nucleic acid - nucieic acid interaction) to virtually any region 
of a CD28 transcript of CD28 gene in order to reduce expression 
of CD28, or by hybridizing (through nucleic acid - protein 
interaction) to non-nucleic acid molecules that recognize 
untranslated sequences of the CD28 gene. For example, oligomers 
of the invention may be selected so as to be able to hybridize to 
translated regions of a CD28 transcript, untranslated regions of 
a CD28 transcript, unspliced regions of a CD28 transcript, CD28 
gene introns, CD28 promoter sequences, and CD28 regulatory 
sequence, the 5' cap region of a CD28 transcript, CD28 gene 
coding regions, and the like (including combinations of various 
distinct regions) . Preferred embodiments of the CD28 gene and 
CD28 gene transcripts by the oligomers of the invention are in 
the translational and/or transcriptional initiation regions of 
the CD28 gene (and transcripts thereof) . By varying the location 
of the CD28 or CD28 gene transcript in which helix formation may 
occur through the selection of the nucleic acid base pair 
sequence of the oligomer, the potency of the oligomer, i.e., the 
amount required to produce the desired biological effect will be 
varied. Preferred embodiments of the oligomers of the invention 
have the highest possible potency. The potency of different 
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oligomers of the invention may be measured by various m virro 
assays known to the person of ordinary skill in the art 
Examples of such assays can be found in the experiments section 
of this application. The person of ordinary skill in the art 
will appreciate that it not desirable to produce oligomers that 
are targeted to polynucleotide sequences that are also present at 
gene locations other than the CD28 gene. For example, it would 
be undesirable to produce an oligomer targeted to the Mji 
sequence in the 5- untranslated region of the CD28 transcript 
(the Aiu region of the CD28 is described in Lee et al., jo Urn ,i 
Of Immunol nqy , H£:344-352 (1990)). The use of oligomers that 
form double-stranded or triple-stranded helices with gene or 
transcripts of genes other than CD28 may be minimized by 
performing homology searches of oligomer nucleotide base 
sequences against polynucleotide sequence information present in 
publicly accessible data bases such as GenBank. 

In a preferred embodiment of the invention, the subject 
oligomers exhibit perfect nucleic acid base complementarity to 
the selected target sequence, i.e., every nucleic acid base in 
the oligomer may enter into a base pairing relationship with a 
second (or third) nucleic acid base on another strand of a double 
(or triple, helix. However, a person of ordinary skill in the 
art will appreciate that various oligomers specific for a CD28 
gene target and/or capable of inhibiting CD28 expression may have 
nucleotide base sequences that lack perfect hybridization to the 
CD28 gene (either strand), CD28 gene transcripts, or CD28- 
specific regulatory proteins. 

In preferred embodiments of the oligomers of the invention 
are oligomers having the following nucleotide base sequences: 
5 ' TTGTCCTGACGATGGGCTA3 * (S EQ ID NO:l) RT01 

5 ' AGCAGCCTGAGCATCTTTGT3 ' (SEQ ID N0:2) RT02 

5 ' TTGGAGGGGGTGGTGGGG3 ' {SE Q ID N0:3) RT03 

5 'GGGTTGGAGGGGGTGGTGGGG3 * (SEQ ID NO: 4, RT04 
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In particularly preferred embodiments of the invention, the 
oligomers having the nucleotide base sequences indicated in RT01, 
RT02, RT03, and RT04, are phosphorothioates . Particularly 
preferred oligomers are phosphorothioate-3 f hydroxypropylamine, as 
described in Tarn et al., Nucl. Aci d. Res, 22:977-966 (1994). 

Oligomers of the invention may be designed so as to decrease 
the expression of CD28 in T cells that have internalized 
extracellularly applied oligomers of the invention. 
Additionally, oligomers of the invention may be designed so as to 
decrease expression of CD28 when the oligomers are produced 
intracellularly through the use of genetic expression vectors. 
Inhibition of CD28 expression may be effected through (I) inter- 
ference with CD28 gene transcription, (ii) interference with the 
transcription of CD28 gene transcripts, (iii) interference with 
the processing of CD28 gene transcripts, or any combination of 
(I), (ii), and (iii). The precise degree and mechanism of the 
interference of CD28 expression will depend on factors such as 
the structure of the particular oligomer, the nucleotide base 
sequence of the oligomer, the dosage of oligomer, the means of 
administering the subject oligomer, and the like. 

The term "oligomer" as used herein refers to both naturally 
occurring polynucleotides, e.g., DNA, RNA, and to various 
artificial analogs of naturally occurring nucleic acids that have 
the ability to form either double-stranded or triple-stranded 
helix with DNA or RNA. Many oligomers that are artificial 
analogs of naturally occurring polynucleotides have properties 
that make them superior to DNA or RNA for use in the methods of 
the invention. These properties include higher affinity for 
DNA/ RNA, endonuclease resistance, exonuclease resistance, lipid 
solubility, RNAse H activation, and the like. For example, 
enhanced lipid solubility and/or resistance to nuclease digestion 
results by substituting an alkyl group or alkoxy group for a 
phosphate oxygen in the internucleotide phosphodiester linkage to 
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form an alkylphosphonate oligonucleotide or alkylphosphotriester 
oligonucleotide. Non-ionic oligomers such as these are 
characterized by increased resistance to nuclease hydrolysis 
and/or increased cellular uptake, while retaining the ability to 
form stable complexes with complementary nucleic acid sequences. 

While numerous oligomers that are analogs of naturally 
occurring nucleic acids are explicitly described herein, and/or 
are otherwise known to the person of ordinary skill in the art, 
it will be appreciated that numerous oligomers that are nucleic 
acid analogs that may be developed in the future may be readily 
adapted by those of ordinary skill in the art to inhibit the 
expression of CD28 genes. A brief review of different currently 
available DNA/RNA analogs that may be used as oligomers of the 
invention by selection of the appropriate nucleic acid base 
sequence so as to target CD28 genes (and transcripts thereof) is 
provided below. The various oligomers described in those 
publications are examples, not limitations, of different possible 
embodiments of oligomers that may be adapted for inhibition of 
CD28 expression in the methods and compositions of the invention. 

Methylphosphonate (and other alkyl phosphonate) oligomers 
can be prepared by a variety of methods, both in solution and on 
insoluble polymer supports (Agrawal and Fiftina, Wnr' , hhh^ 
BBS., 5:3009-3024 (1979); Miller et al.. Biorh.-Ufrv H:5134- 
5142 (1979); Miller et al., J, BiflJ . Cteffl-, 2S£: 9659-9665 (1980); 
Miller et al., Nurt , ftrri ft5 te&», 11:5189-5204 (1983); Miller et 
al., Hucl. telda tea., 11:6225-6242 (1983); Miller et al., 
B i QChfimiftfrV , 25:5092-5097 (1986); Sinha et al., Tetr»h»Hrnn 
Lett. 21:877-880 (1983); Dorman et al., IfifcSflhjSfcaD 4J2:95-102 
(1984); Jager and Engels, TetrahPrimn T.ot- t 25.: 1437-1440 (1984); 
Noble et al., Nurt . ftrifta Ppy, 12:3387-3404 (1984) Callahan et 
aJ -' PrOC. KafcJ ■ AfTflf l. SCJ U5&, 22:1617-1621 (1986); 
KP Zi olkiPWirr et al., Chemicfl Srrintfl, 21l251-260 (1986); Agrawal 
and Goodchild, Tetrahedron i.*tt 2fi: 3539-3542 (1987); 
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Lesnikowski et al.. Tetrahedron Lett.. £1:5535-5538 (1987); Sarin 
et al., ?roc. Natl. Arari. Sci . USA. 1^:7448-7451 (1988). 

Additional oligoribonucleotide analogs for use as oligomers 
are described in Inova et al., Nuclei r Acids Res .. IS: 6131 (1987) 
(2'-0-methylribonucleotides) , Inova et aJL , FEBS Lett - . 211:327 

(1987) . 

Descriptions of how to make and use phosphorothioates and 
phosphorodithioates can be found in, among other places, the 
following publications: United States Patent No. 5,292,875, 
United States Patent No. 5,286,717, United States Patent 
No. 5,276,019, Patent No. 5,264,423, United States Patent 
No. 5,218,103, United States Patent No. 5,194,428, United States 
Patent No. 5,183,885, United States Patent No. 5,166,387, United 
States Patent No. 5,151,510, United States Patent No. 5,120,846, 
United States Patent No. 4,814,448, United States Patent No. 
4,814,451, United States Patent No. 4,096,210, United States 
Patent No. 4,094,873, United States Patent No. 4,092,312, United 
States Patent No. 4,016,225, United States Patent No. 4, 007, 197, 
United States Patent No. 3,972,887, United States Patent No. 
3,917,621, and United States Patent No. 3,907,815, Dagle et al., 
Nucl. AcidS Res. 11:4751-4757 (1990), Loke et al., Proc. Natl. 
Acad, Sci. USA. 11:3474-3478 (1989), LaPlanche, et al., Nucleic 
Acids Res-, 11:9081 (1986) and by Stec, et al., J. Am. Chem. Soc . 
111:6077 (1984), and Stein et al., Nucl . Arid* Rp... 11:3209-3221 

(1988) . 

Descriptions of how to make and use phosphoramidates can be 
found in among other places the following publications: Agrawal 
et al., Proc. Natl. Acad. Sri.. 11:7079-7083 (1988), Dagle et 
al., NUCI, ACidS Res./ 11(6) :4751-4757 (1990), Dagle et al., 
Nucl. Aci ds Res. 1 9 ( 8 ) : 1 8Q5-1 81 Q (1991), 

Other polynucleotide analogs of interest include compounds 
having acetals or thioacetals in the backbone structure. 
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Examples of how to make and use such compounds can be found 
among other places in, Gao et ai., Bioch^ c y 11:6223-6236 
(1992), Quaedflieg et al., Tetrahffl^n Lsl^ 12(21 ,: 3081-3084 
(1992,, Jones et al . , J, Q rn r hPni , 5JL: 2983-2991 (1993) 

havin^l r ly : UCle ° tide anal ° 9S ° f inte " St "pounds 
hav.ng sxlyl and siloxy bridges in the backbone structure 

examples of how to make and use such compounds can be found 
among other places in Ogilvie and Cormier, Tetr^ron TnttL 
^(35,:4159-4162 (1985), Cormier and Ogilvie, ^Is^_Z^ 
l*(10):4583-4594 (1988,, PCX publication WO 94/068U 

Other polynucleotide analogs of interest include compounds 
having silyl and acetamidate bridges in the backbone structure 
Examples of how to make and use such compounds can be found 
among other places in Gait et al., J, Chem Sss , Perkin Trans. 
1:1684 (1974), Mungall and Kaiser, 42(4, : 703-706 

(1977,, and Coull et al., and l^hsd^L^ 21 (7, : 745-748 


Polynucleotide analogs having morpholino-based backbone 
Images have also been described. Information on how to make 
and use such nucleotide analogs can be found in, among other 
Places, United States Patent Nos . 5,034,506, 5,235,033, 
5,034,506, 5,185,444. 

Polynucleotide analogs having various amine, peptide, and 
otner achiral and/or neutral linkages have been described: 
Caulfield et al., B i wPraanir fi M^Hn,, r- h f m T |f rr 1{12) :277 ,_ 
2776 (1993), Mesmaeker et al., Bio orttrmic f. MgdisiliaJ Chfi n 
Lfitt " A(3):395-398 (1994); Ah.pw. rh om Tn t , FH ^ 
11(2, :226-229 (1994,, United States Patent No. 5,166,315, and 
United States Patent No. 5,142,047. 

Polynucleotides having thioether and other sulfur linkages 
between subunits are described in, among other places Schneider 
and Brenner, letrflhPflrnn T , rrt ., 11(3, : 335-338 (1990,, Huang et 
al- J . Org . fflpm ., 16:3869-3882 (1991); Musicki and Widlanski, 
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Tetrahedron Lett-, i2(10) : 1267-1270 (1991); Huang and Widlanski, 
Tetrahedron Lett-, 12(19) :2657-2660 (1992); and Reynolds et al., 
J. Pro. Chem. £2:2983-2985 (1992), and PCT publication WO 
91/15500. 

Other polynucleotide analogs of interest include peptide 
nucieic acids (PNAs) and related polynucleotide analogs. A 
description of how to make and use peptide nucleic acids can be 
found in, among other places, Buchardt et al., Trends in 
Biotech. . 11 (1993) and PCT publication WO 93/12129. 

Other oligomers for use in anti-sense inhibition have been 
described in Thuong et ai., Proc. Natl. Acad. Sci . . 34 : 5129-5133 
(1987), United States Patent No. 5,217,866, Lantond, Biochem. Sor. 
Transactions, 21: 1-8 (1993) (2 f -0-alkyloligoribonucleotides) , Ono 
et al., Bioconiugate Chemistry. 1:499-508 (1993) [2 • -deoxyuridine 
analogs carrying an amino linker at the Imposition of 
deoxyribose) , Kawasai et al., J. Med. Chem .. 2£: 831-841 (1993) 
(2 • -deoxy-2 1 -f luoro phosphorothioate oligonucleotides), PCT 
publication WO 93/23570, Augustyns et al., Nuel . Acids Res . . 
21(20) :4670-4676 (1993) - 

Additionally, oligomers may be further modified so as to 
increase the stability of duplexes and/or increase cellular 
uptake. Examples of such modifications can be found in PCT 
publication WO 93/24507 entitled "Conf ormationally Restrained 
Oligomers Containing Amide or Carbamate Linkages for Sequence- 
Specific Binding," Nielsen et al., Science . 211- 1497-1500 (1991), 
PCT publication WO 92/05186 entitled "Modified Internucleoside 
Linkages," PCT publication WO 91/06629, filed October 24, 1990 
and United States Patent 5,264,562 filed April 24, 1991, both of 
which are entitled "Oligonucleotide Analogs with Novel Linkages," 
PCT publication WO 91/13080 entitled "Pseudonucleosides and 
Psuedonucleotides and their Polymers," PCT publication WO 
91/06556 entitled "2 1 -Modified Oligonucleotides," PCT publication 
WO 90/15065 filed on 5 June 1990 entitled "Exonuclease Resistant 


WO 96/24380 


PCT/US96/01507 


19 - 


Oligonucleotides and Methods for Preparing the Same," and United 
States Patent No. 5,256,775. 

The oligomers of the invention comprise various nucleic acid 
bases, in addition to nucleic acid bases found to occur 
naturally in DMA or RNA, e.g., cytosine, adenine, guanine 
thymidine, uracil, and hypoxanthine, the oligomers of the 
invention may comprise one or more nucleic acid bases that are 
synthetic analogs of naturally occurring acid bases. Such non- 
naturally occurring heterocyclic bases include, but are not 
limited to, aza and deaza pyrimidine analogs, aza and deaza 
purxne analogs as well as other heterocyclic base analogs 
wherein one or more of the carbon and nitrogen atoms of the 
purine and pyrimidine rings have been substituted by heteroatoms, 
e.g., oxygen, sulfur, selenium, phosphorus, and the like. 
Preferred base moieties are those bases that may be incorporated 
into one strand of double-stranded polynucleotides so as to 
maintain a base pairing structural relationship with a naturally 
occurring base on the complementary strand at the double-stranded 
polynucleotide. 

The invention provides many methods of treating a variety of 
immune disorders. The terms "treatment" or "treating" as used 
herein with reference to a disease refers both to prophylaxis and 
to the amelioration of symptoms already present in an individual 
It will be appreciated by the person of ordinary skill in the art 
that a treatment need not be completely effective in preventing 
the onset of a disease or in reducing the symptoms associated 
with the disease. Any reduction of the severity of symptoms, 
delay in the onset of symptoms, or delay in the progression of 
severity of symptoms is desirable to a patient. Immune disorders 
that can be treated by the methods of the invention include the 
diseases in which CD28 expressing T cells mediate or contribute 
to an undesired idiopathic effect. Inhibition of CD28 expression 
results in the decrease of expression of cytokines normally 
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produced by activated CD28* T ceil, such cytokines include 
interleukin-2, interferon gamma/ and interieukin-8 . Accordingly, 
the methods of the invention include, but are not limited to, 
methods of treating diseases in which pathogenesis is mediated 
through interleukin-2, interf eron-gamma, interleukin-8 , or a 
combination thereof, whereby a T cell mediated immune response is 
interrupted or reduced. Examples of immune disorders that may be 
treated by administering the subject oligomers to a patient 
include organ transplantation rejection, septic shock, tumor- 
induced cachexia, and numerous auto-immune diseases. Autoimmune 
diseases that may be treated by the subject methods include 
diseases that are mediated by aberrant T cell activation 
including Type I (insulin-dependent) diabetes, thyroiditis, 
sarcoidosis, multiple sclerosis, autoimmune uveitis, ulcerative 
colitis, aplastic anemia, systemic lupus erythematosus, 
rheumatoid arthritis, parasite induced inflammation and 
granulomas, Crohn's disease, psoriasis, polymyositis, 
dermatomyositis, scleroderma, vasculitides, psoriatic arthritis, 
Graves disease, myasthenia gravis, autoimmune hepatobilliary 
disease, and the like. Additionally, the methods and 
compositions of the invention provide for the treatment of a 
variety of syndromes, including septic shock and tumor-induced 
cachexia, in which the pathogenic effects are mediated, at least 
in part, by the lymphokine secreted from activated CD28 f T cells. 

The disease treatment methods of the invention comprise the 
steps of administering an effective amount of the subject 
oligomers to a patient. The precise dosage, i.e., effective 
amount, of CD28-specif ic oligomer to be administered to a patient 
will vary with numerous factors such as the specific disease to 
be treated, the precise oligomer (or oligomers) in the 
therapeutic composition, the age and condition of the patent, and 
the like. Protocols for determining suitable pharmaceutical 
dosages are well known to those of ordinary skill in the art and 
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can be found, among other places, in Remington's Pharm a ^^ v 
ScJ^C* (latest edition,. Mack Publishing Company, Easton, Pa 
and the like. 

In addition to administering the CD28 targeted oligomers 
dxrectly to a patient, the invention contemplates methods of 
treatment in which CD28' cells (or ceils having the potential to 
express CD28, are removed from a patient (with or without other 
cells) and transformed with one or more different oligomers of 
the invention. Transformation may be by any of a variety of 
means well known to the person skilled in the art, e.g., 
electroporation, cationic lipids such as DOTMA or DOSPA,' and the 
like. Transformed cells may then be reintroduced into the body 

Another aspect of the invention is to provide methods of 
treating immune disorder by means of administering CD28-speci'ic 
oligomers, wherein the oligomers are produced intracellular^ 
through recombinant polynucleotide expression vectors 
intracellularly-produced CD28-specif ic oligomers are necessarily 
RNA or DNA molecules. Recombinant polynucleotide vectors for the 
expression of polynucleotide sequences of interest are well known 
to the person of ordinary skill in the art of molecular biology 
Detailed descriptions of recombinant vectors for the expression 
of polynucleotides of interest can be found in, among other 
Places, "Somatic Gene Therapy," ed. P. L. Chang, CRC Press, Boca 
Raton (1995), R. C. Mulligan, Sclent, 2^:926-932 (1993), F W 
Anderson, S^i^, 25£: 808-873 (1992), Culver et ai., Hum. r.ono 
IhBL.. 2:107-109 (1991), and the like. Suitable recombinant 
vectors for use in the subject methods of treating immune 
disorders through genetic engineering are either able to 
integrate into the genome of T cells or replicate in the 
cytoplasm of T cells. CD28-s P ecific oligomers for use in 
intracellular administration are preferably significantly longer 
than CD28-s P ecific oligomers for extracellular administration. 
In a preferred embodiment of the subject methods of intracellular 
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CD29 administration, the CD28-specif ic oligomer is complementary 
to one or more entire CD28 transcripts or the entire CD28 gene; 
however, suitable intracellularly-produced CD28-specif ic 
oligomers may be considerably shorter in length. Unlike extra- 
ceilularly-administered CD28-specif ic oligomers, CD28-specif ic 
oligomers do not present problems with intracellular uptake or 
hydrolysis by extracellular enzymes. The subject methods of 
using intracellular CD28-specif ic oligomers may involve 
administering CD28-specif ic oligomer-encoding recombinant vectors 
directly to a patient. Alternatively, CD28-specif ic oligomer- 
producing vectors may be administered directly to cells that have 
been removed from a patient (i.e., stem cells, T cells, whole 
blood, marrow, etc.), whereby transformed cells are produced. 
The transformed cells may be subsequently be reintroduced into a 
patient. 

The invention also specifically provides for expression 
vectors capable of expressing one or more of the oligomers of the 
invention. Generally, such expression vectors comprise, in 
operable combination, a promoter and a polynucleotide sequence 
encoding an oligomer capable of inhibiting the expression of CD28 
in a T cell. Although many different promoters may be used in 
the vectors of the invention, preferred promoters are capable of 
driving the high level expression in T cells. The expression 
vectors of the invention may also comprise various regulatory 
sequences. Currently available expression vectors, especially 
those vectors explicitly designed for gene therapy, may readily 
be adapted for the expression of CD28-targeted oligomers of the 
invention. The vectors may be adapted for the expression of 
CD28-targeted oligomers using conventional genetic engineering 
techniques such as those described in Sambrook et al., Molecular 
Cloning , 2nd Ed., Cold Spring Harbor Press, Cold Spring Harbor, 
N.Y. (1989). 
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tor^T" ° £ inVeati ° n " C ° Pharmaceutical 

formulations for the administration of the oligomers o< t ,. 
invention so as to effprt- - 

diseases V of immune system-mediated 

or H Pharmaceutical formulations may b e readily 

produced by the person of ordinary skill in the art of 
Pharmaceutic.! science. Such formations comprise one or tore 
of he outers of the invention; however, in embodiments of the 

nventron comprising more than one different types of Oliver 
the oligomers are preferably selected so as to not be able to 

ybndize with ona another. The pharmaceutical foliations of 
the invention may be .j..t.H »», ... • • 

„,,„„ , y adapted for administration to the body in a 

number of ways suitable for the selected method of 
administration, including orally, intravenously, intramuscularly 
intraperitoneal!,, topically, and the like, m addition 
comprising one or more different oligomers of the invention the 
subject pharmaceutical formulations may comprise one or mo non . 
b ologrcally active compounds, i.e.. excipients. such as 

a 12 "III ' t0Pr0n0te 10 " 9 "» ""->. emulsifiers, bindin, 
agents, ch ckenin, agents, salts, preservatives, and the like 

Formulations for parenteral administration may include 
sterile acueous solutions, which may also contain buffers, 
diluents, and other suitable additives. Pharmaceutical 
formulations of the invention may be desi,n.d to promote the 
cellular uptake of the oligomers in the composition, a.,.. the 
oligomers may be encapsulated in suitable liposomes 

Pharmaceutical formulations for topical administration are 
especially useful for localired treatment. Formulations for 

lotion " W ""' t "^^^ ° ialm °*"- -P-ions. 
lotions, creams, and the like. Formulations for topical 

administration may include, in . ddition to the subject oligomers 

Known carrier materials such as isoprop.nol. glycerol, paraffin 

Il:;:lr 0h01 ' «- phar„aceuticau; 

acceptable carrier may also include a known chemical absorption 
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promoter. Examples of absorption promoters are e.g., 
dimethylacetamide (United States Patent No. 3,472,931), 
trichloro-ethanol or trif luoroethanoi (United States Patent 
No. 3,891,757), certain alcohols and mixtures thereof (British 
Patent No. 1,001,949), and British patent specification No. 
1,464,975. 

In addition to the therapeutic uses of the subject 
oligomers, the oligomers may also be used as an analytical 
laboratory tool for the study of T cell activation. T cells have 
several surface receptors in addition to CD28 and the antigen 
specific T cell receptors. Difficulties arise in studying the 
individual biological properties of selected receptors because of 
potential and actual interactions between multiple receptor- 
mediated pathways. By providing a mechanism for decreasing CD28 
expression in T cells, the oligomers and methods of the invention 
also provide useful laboratory methods for studying T cell 
behavior independently of the CD28 activation pathway. 

The invention may be better understood by referring to the 
following examples. The following examples are offered for the 
purpose of illustrating the invention and should not be 
interpreted as a limitation of the invention. 

vi. EXrtfflLSS - SERIES 1 
QligoTmcleotidea 

Oligodeoxynucleotides were synthesized on an automated DNA 
synthesizer (Applied Biosystems model 394) using standard 
phosphoramidite chemistry . 3-cyanoethylphosphoramidites, 
synthesis reagents and CPG polystyrene columns were purchased 
from Applied Biosystems (ABI, Foster City, CA) . 3 T -AminoModif ier 
C3 CPG columns were purchased from Glen Research (Sterling, VA) . 
For phosphorothioate oligonucleotides, the standard oxidation 
bottle was replaced with tetraethylthiuram 

disulf ide/acetonitrile, and the standard ABI phosphorothioate 
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program was used for the scepu.se addition of phosphorothioate 

Z TZl' t Aft6r CleaVa9e fr ° a C ° nCrOUed P ° re 9lass ~1«„. 
.he protecting groups were removed by treating the oligonucleo- 
tides with concentrated ammonium hydroxide at 55'C for 8 hours 
The oligonucleotides were purified by HPLC using a reverse phase 
semiprep C8 column (ABI) . Following cleavage of the DMT 
protecting group, treatment with 80 % acetic acid and ethanol 
Precipitation, the purity of the product was assessed by HPLC 
using an analytical CIS column (Beckman, Fullerton, CA) A n 
oligonucleotides of >90 % purity were lyophilized to dryness 
Oligonucleotides were reconstituted in sterile deionized water 
(ICN Costa Mesa,, adjusted to 400 uM following evaluation of 
OD.60nm, aliguoted and stored at -20«C prior to experimentation 
n all cases, at least three batches of each oligonucleotide 
listed in Table 1 were used. 

Cell l i nes and t rail B»Hf 1rnrjnn 

Peripheral blood mononuclear cells (PBMCs) were isolated 
from the buffy coat following Ficoll-Hypaque density gradient 
centrifugation of 60 ml blood from healthy donors. T-cells were 
then purified from the PBMCs using Lymphokwik lymphocyte 
isolation reagent specific for T-cells (LK-25T, One Lambda, 
Canoga Park CA, . An average yield of 40 - 60 x 10* T-cells were 
then incubated overnight at 37'c in 20 - 30 ml RPMI-AP5 
(RPMI-1640 medium (ICN, Costa Mesa, CA, containing 20 pM HEPES 
buffer, p H 7.4, 5% autologous plasma, 1 % L-glutamine, 1 % 
penicillin/streptomycin and 0.05% 2-merca P toethanol ) to remove 
any contaminating adherent cells. In all experiments, T-cells 
were washed with RPMI-AP5 and then plated on 96-well microtitre 
plates at a cell concentration of 2 - 3 x 10* cells/ml. 
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The T-cell lymphoma cell lines, JurJcat E6-1 (CD28+/CD4+) 
cells (152-TIB) and HUT 78 (CD28-/CD4+) cells (TIB-161) ( ATCC , 
Rockvilie, MD) were maintained in RPMI-10 (RPMI-1640 medium con- 
taining 20 uM HEPE5 buffer, pH 7.4, 10 % fetal calf serum (FCS) 
(Hyclone, Logan, UT) , 1 % L-glutamine and 1 % penicillin/strep- 
tomycin) . 

Mitoqen-i nduced T-cell activation 
and olig onucleotide treatment 

Prior to the addition of human peripheral T-cells or T-cell 
lymphoma cell lines (0.2 - 0.3 x 10*), duplicate 96-well 
microtitre plates were pre-coated with purified anti-CD3 
monoclonal antibody (mAb) (6.25 - 200 ng/well) (clone HIT 3a, 
Pharmingen, San Diego, CA) and washed twice with cold 
phosphate-buffered saline, pH 7 . 4 (PBS). Anti-CD3 mAb-treated 
T-cells were further activated by the addition of 2 ng phorbol 
12-myristate 13-acetate (PMA) (Calbiochem, La Jolla, CA) and 
incubated for 48 h at 37°C. Anti-CD3/PMA-activated T-cells were 
treated with 1 - 20 uM CD28-specif ic and control oligonucleotides 
immediately following activation and re-treated 24 h later. 
T-cells from one duplicate plate was used for immunofluorescence 
analysis and the supernatants used for cytokine studies and the 
second plate was used for T-cell proliferation analysis. 

TTwrninQfluoregcence atudiea. 

Following activation, 150 ml cell supernatant from the first 
duplicate microplate was transferred to another microplate for 
analysis of cell-derived cytokine production. The remaining 
cells were washed twice with isotonic saline solution, pH 7.4 
(Becton Dickinson, Mansfield, MA) and resuspended in 50 ml 
isotonic saline solution and split into two samples. One sample 
aliquot was co-stained with either PE-CD28/FITC-CD4 or 
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PE-CD54/FITC-CD25 mAb and non-specific fluorescence was assessed 
by seaming the second aliquot with PE/FITC-labeled 
isotype-matched control monoclonal antibody. All 
fluorescence-labeled monoclonal antibodies were obtained from 
Becton Dickinson (San Jose, CA, . Incubations were performed in 
the dark at 4'C for 45 min using saturating mAb concentrations 
Unincorporated label was removed by washing in PBS prior to the 
analysis with a FACScan flow cytometer (Becton Dickinson) . 
Antigen density was indirectly determined in gated live cells and 
expressed as the mean channel of fluorescence (MCF) . Surface 
expression of specific antigens (CD54, CD25, was represented as 
the mean channel shift (MCS) obtained by subtracting the MCF of 
FITC- or PE-labeled isotype-matched (IgGl) control mAb-stained 
cells from the MCF of FITC- or PE-labeled antigen-specific mAb 
stained cells. Alternatively, surface expression of the 
CD4--subset of cells stained with CD28 mAb was determined by 
subtracting the MCF of CD28' CD4* from the MCF of CD28" CD4~ 
cells. The viability of control untreated and oligonucleo- 
tide-treated cells were determined in each batch of all oligo- 
nucleotides in multiple donors by staining with the vital dye 
propidium iodide (5 ug/ml final concentration). The percentage 
of live cells which excluded propidium iodide was determined by 
flow cytometry and was > 90 % (range 90 - 99 %) following 
treatment with all batches of all oligonucleotides at a dose 
range of 1 - 20 uM (Figure 2). 

Cvtokinp analv«»« 

Cell-derived human cytokine concentrations were determined 
in cell supernatants from the first duplicate microplate. 
Mitogen-induced changes in interleukin-2 (IL-2) levels were 
determined using a commercially available ELISA kit (R&D 
systems Quantikine kit, Minneapolis, MN) or by bioassay using the 
IL-2-dependent cell line, CTLL-2 (ATCC, Rockville, MD) . 
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Mi togen-induced changes in inter fercn- gamma and interieukin-8 
iIl-9) levels were determined by ELISA using kits from Endogen 
(Cambridge, MA) and R&D systems (Quantikine kit, Minneapolis, 
MN) respectively. All ELISA results were expressed as pg/ml and 
the C7LL-2 bioassay as counts per minute representing the 
IL-2-dependent cellular incorporation of *H-thymidine (ICN, Costa 
Mesa, CA) by CTLL-2 cells. 

T-ceU proliferation aaaay. 

The second duplicate microplate in all experiments were 
analyzed for changes in mitogen-induced T-cell proliferation. 
72h following ant.i-CD3/PMA activation and in the absence or 
presence of oligonucleotides, cells were pulsed with 1 \iCi 
"'H-thymidine {ICN, Costa Mesa, CA) and incubated overnight at 
37°C. Mitogen-induced cell growth, as assessed by incorporation 
of radioactive label, was determined by harvesting the cells and 
scintillation counting on a Wallac Betaplate counter (Wallac, 
Gaithersburg, MD) . 

Inhibition of CD2B expression in activated 
human T-cells by CD28-9pecif ic oligonucleotides 

Anti-CD3/PMA treatment of human T-cells increased the 
surface expression of CD28 (using immunofluorescence analysis) 
from a MCS of 122 ±7.74 in resting T-cells to a MCS of 150 ±9.27 
(n = 9) . The difference in CD28 expression in resting and 
activated T-cells is defined as mitogen-induced CD28 expression 
(Figure 3A) . Figure 3B and 3C shows the treatment of 
anti-CD3/PMA-activated T-cells' with phosphorothioate (denoted as 
S-oligomers, Figure 3B) and phosphorothioate-3 ' amine (denoted as 
A-oIigomers, Figure 3C) forms of CD28-speci f ic and control oligo- 
nucleotides in 2 donors and with 2 separate batches of each 
oligonucleotide. Of the four candidate oligonucleotides, RT01 - 
RTC4, (Table 1), in the dose range 2 - 10 pM, both 
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phosphorothioate and phosphorothioate-3 • amine forms of RT03 and 
RT04 were the most active inhibitors of mitogen-induced CD2« 
expression, both inhibiting induced CD28 expression bv greater 
than 50% (IC H ) at 5 uM or less. These two oligonucleotides, 
which differ in length, were designed to hybridize wish a stretch 
of double-stranded DNA, 5' upstream of the transcription 
initiation site of the CD28 gene. No similar dose-dependent 
inhibition of mitogen-induced CD28 expression was observed with 
the control oligonucleotides, RTC01 (SEQ ID NO: 5) - RTC06 (SEQ 
ID NO: 10) (Table 1). All experiments were performed on at least 
three batches of each oligonucleotide using T-cells from 7 
donors. The fact that oligonucleotide regulation of CD28 
expression was demonstrable in human T-cells is critical because 
peripheral, epidermal and dermal T-lymphocytes are the intended 
target of CD28-specif ic oligonucleotides. 

Inhibition Of mi tonan-inr h ienrf T-^ ] ] 

prol i feration bv cn?H-«MHf< fl P ii gQ nnH^ r 1fifl1 

The mitogenic effect of anti-CD3/PMA treatment was 
demonstrable by the augmented proliferation observed following 
the activation of resting T-cells. The incorporation of 
'H- thymidine, represented as counts per minute, was 301641 ± 
47856 (n = 9) in activated T-cells and 650 ± 566 (n = 9) i n 
resting T-cells. The effect of anti-CD3 and PMA on T-cell 
proliferation are synergistic as shown in Figure 4A. Figure 4B 
shows a representative experiment of the effect of CD28-specif ic 
and control phosphorothioate oligonucleotides on 
anti-CD3/PMA-activated T-cell proliferation. In at least- seven 
separate experiments, all in the dose range 2 - 10 uM, both 
phosphorothioate (data not shown) and phosphorothioate-3' amine 
(Figure 4B) forms of RT03 and RT04 were the most active 
inhibitors of mitogen-induced T-cell proliferation, inhibiting 
T-cell proliferation by up to 45%. No similar dose-dependent 
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inhibition of mitogen-induced T-cell proliferation was observed 
with the control oligonucleotides, RTC01 (SEQ ID NO: 6) - RTC06 
(SEQ ID NO: 10) . Here, treatment with CD28-specif ic oligonucleo- 
tides, RT03 and RT04, could reverse the hyperprolif eration of 
activated T-ceils thus demonstrating that regulation of the CD28 
pathway had a significant effect on one vital biological function 
of T-cell activation, T-cell proliferation. 

Inhibition of activated T-cell -derived cytokine 
production by CP29-gpecific oligonucleotides 

Activated T-cells produce a variety of immunomodulatory 
cytokines including IL-2, interf eron-gamma and IL-8. CD28 
-inducible restriction elements for IL-2 and IL-8 have been 
demonstrated in the promoter sequences for both genes and have 
subsequently been shown to be regulated by the CD28 pathway 
(Fraser et al., (1991) Science 251:313-316, Seder et al., (1994) 
J Exp Med 179:299-304) . Interf eron-gamma also has been shown to 
be regulated by the CD28 pathway (Wechsler et al., J. Immunol.. 
1^1:2515-2523 (1994)). Anti-CD3/PMA treatment of resting T-cells 
dramatically increased the T-cell -derived levels of all three 
cytokines (Figures 5A, 6A and 7A) . Figure 5, 6 and 7 res- 
pectively depict the effect of phosphorothioate (B) and 
phosphorothioate-3 • amine © versions of CD28-specif ic and control 
oligonucleotides on IL-2, interf eron-gamma, and IL-8 production 
in activated T-cells from the same representative donor. The 
CD28-specific oligonucleotides, RT03 (SEQ ID NO: 3) and RT04 (SEQ 
ID NO: 4) but not the control oligonucleotides, RTC01 (SEQ ID NO: 
5)- RTC06 (SEQ ID NO: 10) (data not shown)), inhibited 
mitogen-induced IL-2, inter f eron-gamma, and IL-8 production in 
activated T-cells in a dose-dependent manner. Both phosphoro- 
thioate (IC 50 5 \M) and phosphorothioate-3 f amine (IC S0 10 pM) 
forms of the CD28-specif ic oligonucleotides were equally active 
in the dose range 2-10 \iM. Similar results for all three 
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cytokines were seen with 4 or more different donors. These 
observations demonstrate that CD28-specif ic oligonucleotides were 
also capable of regulating multiple effector molecules of the 
CD28 pathway of T-cell activation. 

Specific try of o; i annuel eotidft inhibition wf > cd?b sgBga a ai flp 

The specificity of the CD28-specif ic oligonucleotides, RT03 
and RT04 was evaluated by three methods. 

(1) CD28-independent T-coll activation markers. 
The first method was to determine whether these CD28- 
specific oligonucleotides were able to inhibit the expression of 
other human T-cell activation markers which act independently of 
the CD28 costimulatory pathway. Activation of resting T-cells 
significantly increases the expression of both the IL-2 receptor 
(CD25) and the intracellular adhesion molecule, ICAM-1 (CD54). 
However, both these accessory molecules are regulated 
independently of the CD28 pathway (June et al. t Mol , r»n R i? ] 
1:4472-4481 (1987), Damle et al., J. Immunol 142:2541 (1992)). 
Figure 8 shows the effect of CD28-specif ic and control oligo- 
nucleotides on CD25 (Figure 8A) and CD54 (Figure 8B) expression 
in mitogen- activated T-cells. No significant decrease in the 
activated T-cell expression of both CD25 and CD54 were observed 
following treatment with all CD28- specific and control oligo- 
nucleotides in the dose range 2 - 10 pM. This clearly 
demonstrates the specificity of the CD28-specific oligonucleo- 
tides in inhibiting expression of their target protein. 
(2) CD28-negative T-cell line, HUT 78 

The second method was to demonstrate that the CD28 pathway 
was really the target for CD28-specif ic oligonucleotides by 
comparing mitogen-induced IL-2 production in a CD28+, T-cell 
leukemia cell line, Jurkat E6-1 and a CD28-, T-cell lymphoma cell 
line, HUT 78. Figure 9A confirms the absence of CD28 expression 
in both resting and activated HUT 78 cells whereas constitutive 
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levels of CD28 increases upon activation in Jurkat E6-1 cells 
(Figure 9B) . In CD28 + Jurkat E6-1 cells, CD28-specif ic but not 
control oligonucleotides were able to inhibit mi togen-induced 
CD28 expression (Figure 9C) and also mitogen-induced IL-2 
production (Figure 10B) . In contrast, in CD28- HUT 78 cells, 
mitogen-induced IL-2 production was not affected by CD28-specif ic 
and control oligonucleotides (Figure 10A) . This clearly 
demonstrates the specificity of these oligonucleotides to inhibit 
only CD28-regulated IL-2 production. 

(3) Specific activation of CD28 pathway 

The third method was to activate resting T-cells specif- 
ically via the CD28 pathway using anti-CD28 monoclonal antibody 
in combination with mitogens (anti-C03/PMA) using identical 
protocols to those used in activating T-cells with mitogens 
alone. Anti-CD28 mAb in combination with PMA or anti-CD3 mAb has 
been previously shown to provide the costimulatory signal to 
resting T-cells and promote only CD28-dependent and not 
TCR-dependent augmentation of T-cell proliferation and cytokine 
production (June et al., (1987) Mol, Cell Biol .. 1:4472-4481). 
Phosphorothioate and phosphorothioate-3 f amine versions of 

CD28-specif ic but not control oligonucleotides were able to 
■ 

inhibit CD28-dependent activation of IL-2, IL-8 and interferon- 
gamma production and T-cell proliferation in 

anti-CD28/mitogen-activated resting T-cells (data not shown) . 
This clearly demonstrates that only the CD28-specif ic oligo- 
nucleotides act only on the CD28 pathway of T-cell activation. 

VII. EXAMPLES ~ SERIES 2 

Oligonucleotides 

Oligonucleotides were synthesized with an Applied Biosystems 
394 DNA synthesizer. Phosphorothioate linkages were introduced 
after the standard oxidation bottle was replaced with tetraethyl- 
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h^ura* drsulfrde/acetonitrile. The p„rit y o f the oiigonucleo- 
de was assessed by an,l yt ical HPLC. AU 
>90 puclty uere lyophilUed to dryness aM J. of 

in Tables 3 and 5 were used. 5- labeling of oligonucleotides wa 
achieved using T4 polynucleotide kinase and »P- yAT P. 

T cell a^n, ra .-i rn , r „ M „ n 

Peripheral blood mononuclear cells (PBMCsl were isolated 
ro„ health, d by de „ sity gradient ^ 

oy T cell enrichment using Lymphokwik (One Lambda) 
Contaminating monocytes were removed by adherence to pl astic 
Purged T cells were > 99 % CD2 > , <1% HLA-DR' and < 5 » cZ' 
.urkat es., (CD28VCD4 , T ceUs ^ ^ (m ™ ' 

and the monocytic cell line, THP were obtained from ATCC. Cells 
were cultured at a concentration of 0.2 - 0.3 * lOVwell and 
actuated with plate-immobilized anti-CD3 monoclonal antibody 
<«Ab> (HIT3A 0.25 pg/>1) < Pharmingen) and , flg *** 
12-myristate 13-acetate (PMA) (Calbiochem) . 

Cells were co-stained with either PE-CD28/FITC-CD4 or 

PE-CD54/FITC-CD25 mAb or with PE/FTTr i a K~i -4 

or wicn FE/FITC-labeled isotype-matched 

controls (Becton Dickinson). Cell surface in f(„.„ h 
CD54 m?-;. surrace antigen density (CD28, 

CD54, CD25, was confirmed by flow cytometry (FACScan, Becton 
Dickinson). Viability was assessed by propidium iodide ,5 pg/ml, 
exclusion in control untreated and oligo-treated CD4 * cells from 
multiple donors and was typically > 90 % (range 90 - 99 %> 
following 48h incubation with 1 - 10 pM of each batch of all 
oligonucleotides. 
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Proliferation and cvtolcine assays 

Proliferative responses were assessed by measuring : 'H 
-thymidine (lji Ci, ICN) incorporation for the last 16h of each 
assay. Cells were harvested onto filters and DNA synthesis was 
measured following scintillation counting on a Wallac Betaplate 
counter. Cytokine concentrations in culture supernatants were 
assayed using ELISA kits for IL-2, IL-8 (R&D Systems) and IFN-y 
(Endogen) or by bioassay using the IL-2-dependent cell line, 
CTLL-2 (ATCC) . 

RT-PCR and Southern Analvaia 

Total cellular RNA was extracted using Trizol reagent 
{ GIBCO/BRL) . The cDNA synthesis reaction (Promega) was performed 
using oligomer (dT) 15 primer and AMV reverse transcriptase (H. 
C.J. The PCR reaction (GeneAmp PCR kit, Perkin-Elmer Cetus) 
consisted of 50 \xl mixture containing 3 pi of cDNA, dNTPs (each 
at 200 uM) , 0.5 uM of each primer and 1 unit of Taq polymerase. 
The primers used were as follows :CD28, 5 ' -CTGCTCTTGGCTCTCAACTT- 3 ' 
(sense) and 5' AAGCTATAGCAA GCCAGGAC- 3' (antisense) , inter- 
leukin-2 receptor p55 alpha chain primers (Stratagene) and pHE7 
ribosomal gene. Kao, H.-T., Nevins, J. R. (1983) Mol, Cell. 
Biol . 3, 2058-2065 Amplification conditions were 45 sec at 94°C, 
1 min at 57 J C and 2 min at 72°C for 35 cycles, followed by 8 min 
at 72°C. PCR products were separated on 2% agarose, transferred 
to Hybond N+ membrane (Araersham) in 20 X SSC overnight and 
immobilized using 0.4 M NaOH. Blots were hybridized with 
3: P-yATP labeled oligonucleotide probes. Washed blots were then 
analyzed using Phosphorlmager . 

MLR and al loanfcicen -specific T cell aflflaVS 

For MLR responses, PBMCs were cultured (1:1) with mitomycin 
c - treate d (so pg/ml) PBMCs from a HLA-disparate individual. In 
alloantigen-specific T cell assays, T cells isolated from PBMCs 
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of cetanus-toxoid-primed healthy donors were cultured (1:1, with 
autologous mitomycin C-treated PBMCs in the presence of tetanus 
toxoid (2 ug/nl, List Biologicals) . In both assays, 2 x 10' 
cells/well were cultured for 6 days at 37°c prior to further 
analysis. 

In vitro oligonunlRof-irig «i- ^ iiit^ «t-»Hj n fr 

Temporal oligonucleotide stability analyses were performed 
as described previously (Tam, R. C, Li, Y . , Noonberg, s., Hwang, 
D. G., Lui, G. , Hunt, C. A., Garovoy, M. R. (1994) NurAoin a^ 1f1 « . 
Efii. 22, 977-986). Oligonucleotide degradation profiles were 
assessed by electrophoresis and quantitated using Nickspin 
columns. 

Inh i bition Qf pypresaion bv nho 9P h ft r n fM w ^ e aUa l r— 

tictea in apec i fir and affects aet^^ T ffan f „ nrt1ff n 

Figure 11 summarizes the effect of the phosphorothioate 
oligonucleotides from Table 3 on surface expression of accessory 
molecules and on cytokine secretion in activated T cells. The 
oligomers used were designed to hybridize to the 5' untranslated 
region (UT) of the CD28 gene, and were either antisense (AS) or 
G-rich sequences. Control oligomers were either sense strand 
(SS) or complementary strand (CS) sequences. 48h treatment of 
resting T cells (R) with anti-CD3 antibody and PMA augmented the 
expression (Ac) of the accessory molecules, CD28 (A) , CD25(B) and 
CD54© and of the cytokines, IL-2(D), IFN Y (E) and IL-8(F) Data are 
presented as mean standard deviation of triplicate samples. The 
cumulative effect of two additions (0 and 24h) of 2pM (g> , 
5UM(0) and 10pM (£]) of the phosphorothioates from Table 3 on 
activation-induced T cell function was monitored by 
immunofluorescence analysis (accessory molecules) and by 
determination of secreted cytokine levels using CTLL-2 bioassay 
(IL-2) and ELISA (IFN Y , IL-8). Surface antigen density (MCS), in 
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gated live CD4* cells was measured as the increase in mean 
channel of fluorescence compared to IgGl controls. 11-2- 
dependent cellular incorporation of 'H- thymidine was measured as 
counts per minute (cpnw and iramunoreactive IFNy and IL-8 as 
pg/ml. The data shown, all derived from experiments performed on 
T cells isolated from a single donor, are representative of 
experiments from 9 separate donors. 


Table 3. Phosphorothioate oligonucleotides 


Oligo 

Sequence 

! (5' 

to 

3' ) 



Description SEQ 

ID 
NO 

RT01S 

TTG TGG 

TGA 

CGA 

TGG 

GCT 

A 

AS 5' UT 79-97 

42 

RT02S 

AGC AGC 

CTG 

AGC 

ATC 

TTT 

GT 

AS 5' UT 94-113 

43 

RT03S 

TTG GAG 

GGG 

GTG 

GTG 

GGG 


G-rich 5' UT 58-75 

44 

RT04S 

GGG TTG 

GAG 

GGG 

GTG 

GTG 

GGG 

G-rich 5' UT 58-78 

45 

RTC01S 

TAG CCC 

ATC 

GTC 

AGG 

ACA 

A 

SS to RT01 

46 

RTC02S 

ACA AAG 

ATG 

CTC 

AGG 

CTG 

CT 

SS to RT02 

47 

RTC06S 

AAC CTC 

CCC 

CAC 

CAC 

CCC 


CS to RT03 

48 


The data demonstrates that selected phosphorothioate 
oligomers {Table 3) can specifically block activation-induced 
CD28 expression in CD4* T cells. In a representative donor 
(Figure 11A) , activation-induced CD28 expression but not IL-2 
receptor (CD25) or intracellular adhesion molecule-1 (ICAM-1 or 
CD54) expression, was inhibited in a dose-dependent manner by the 
phosphorothioate oligomers, RT03S (SEQ ID NO: 44) and RT04S (SEQ 
ID NO: 45) (IC„ i 5 jiM) . No similar inhibition was observed with 
the antisense oligomers, RT01S (SEQ ID NO: 42) or RT02S (SEQ ID 
NO: 43) or the control oligomers, RTC01S (SEQ ID NO: 46), RTC02S 
(SEQ ID NO: 47) and RTC06S (SEQ ID NO: 48). Furthermore, we 
provided evidence that the active oligomers modulated activation- 
induced CD28 by blocking transcription in activated human T 
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ceils 


At 10 pM, RT03S (SEQ ID NO: 44) and RT04S (SEQ ID NO- 45) 
but not a representative control oligo, RTC0 6S (SEQ ID no- 48, 
reduced expression of activation-induced levels of CD23 but not 
---2 receptor mRNA (Figure 12) . 


Figure 12 shows the effect of phosphorothioate oligonucleo- 
tides at 10 W on CD28 and CD25 mRNA levels. Resting (lane 1, and 
antx-CD3/PMA-activated (6h) levels of CD28 and CD25 mRNA, in the 
absence (lane 2) or presence of the oligonucleotides, RT03S (SEQ 
ID NO: 44, (lane 4), RTC06S (SEQ ID NO: 64, (lane 5) and RT03D 
(SEQ ID NO: 49) (lane 6, were detected following RT-PCR of total 
cellular RNA and Southern analysis using specific, radiolabeled 
probes. The CD28 probe was derived from exon 2 ( 5 ' -ACGGGGTTC 
AACTGTGATGGGAAATTGGGCAA-3 ' , and for IL-2 receptor, the probe was 
generated from the original primer mix. Equivalent loading was 
assessed following hybridization with a probe generated from P HE7 
sense primer. RNA from CD28-def icient HUT (7, and THP (8) cell 
Unes were used as controls. The data shown are representative of 
3 separate experiments. 

Thus the specific inhibition of CD28 mRNA levels by 
biologically active phosphorothioates paralleled their effect on 
CD28 surface protein. Moreover, active oligomers abrogated 
activation-induced T cell function, as RT03S (SEQ ID NO: 44) and 
RT04S (SEQ ID NO: 45, but not RT01S (SEQ ID NO: 42) or RT02S (SEQ 
ID NO: 43, or the control oligomers, RTC01S (SEQ ID NO- 46, 
RTC02S (SEQ ID NO: 47) and RTC06S (SEQ ID NO: 48), markedly' 
inhibited anti-CD3/PMA-induced synthesis of the cytokines, IL-2, 
IFNy and IL-8 by activated T cells (IC, e s 5 uM, range 2 - 10 pM) 
(Figure 11B) . 

As alternate costimulatory pathways can also induce 
lymphokine synthesis in activated T cells (Damle, N. K. , 
Klussman, K., Linsley, P.S., Aruffo, A. (1992, J. Tmmnn^i 148/ 
1985-1992), it was important to determine whether the biological 
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activity of RT03S (SEQ ID NO: 44) and RT04S (SEQ ID NO: 45) was 
specific to functional CD28 expression. Accordingly, we compared 
the effect of phosphorothioates on anti-CD3/PMA-induced IL-2 
production in a CD28\ T cell leukemia cell line, Jurkat E6-1 and 
a CD28\ T cell lymphoma cell line, HUT 78. As summarized in 
Figure 13, 48h treatment of resting cells (R) with anti-CD3 
antibody and PMA increased CD28 expression (Ac) in Jurkat (A, 
right) but not HUT 78 (A, left) cells. However, activation 
augmented IL-2 production in Jurkat, (C left), and HUT 78 {D, 
left) cells. The active oligonucleotides, RT03S (SEQ ID NO: 44) 
and RT04S (SEQ ID NO: 45) , at 1 pM <Q 2 (M (^) , 5 pM (^) and 
10 pM (Q) inhibited CD28 expression (B) and IL-2 levels (C, 
right) in activated Jurkat cells but had no effect on 
CD28-independent IL-2 secretion in activated HUT 78 cells (D, 
right) . The data shown are representative of three separate 
experiments . 

In Figure 13A, immunocytof luorometric analysis confirmed the 
absence of CD28 expression in both resting and activated HUT 78 
cells, whereas constitutive levels of GD28 increased upon 
activation in Jurkat E6-1 cells. Furthermore, in Jurkat E6-1 
cells, RT03S (SEQ ID NO: 44) and RT04S (SEQ ID NO: 45) (range 1 - 
lOuM) significantly inhibited both activation-induced CD28 
expression (Figure 13B) and IL-2 production (Figure 13C) . In 
contrast, although activated HUT 78 cells produced similar levels 
of IL-2, no comparable oligo-dependent inhibition of this 
lymphokine was observed (Figure 13D) . 

We also demonstrated that T cell activation (expression of 
CD28, IL-2, IL-8 and IFNy) directed by a specific anti-CD28 mAb 
in combination with anti-CD3, was blocked by biologically active 
phosphorothioate oligomers (data not shown) . Direct crosslinking 
of CD28 molecules has been previously shown to promote only 
CD28-dependent and not TCR-dependent augmentation of T cell 
proliferation and cytokine production (June, C. H., Ledbetter, J. 
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A """pie. m. „., Linds te„. T. , Thompson, c. B. (1987) ^ 
7. .472-44.1.,. Taken co , ether> *- 
suggests that bioactivity of the active «i • 

the CD28 pathway of T cell acullr ° ll9 ° merS " 

Inhib i tion of T CflU i j rmttW re .non.n^in^nUa^ 

* Mdmt T r H1 ™™ Y M i r mlrr rt 1 ,,1^ 

react i on tae phoBPhnrofhin»t> ^n^^^^ | 

We next compared the efficacy of the CD28-s P ecif ic oligo- 
nucleotides, RT03S (SEQ ID NO:. 44, and RT04S (SEQ ID NO: 45) in 
blocking antigen-specific primary immune responses in vitro. In 
Figure 14, resting (A, B, and activated (E, F) levels of CD28 are 
incited for tetanus toxoid-specific T cell assay ( top panel, a 
and B, and nuxed lymphocyte reaction (bottom panel, e and F, 
The percentage of CD4*, CD28-hi T cells is shown in the right- 

Z 7T- ^ B ' E ^ F " 01i9 ° mer 3CtiVi ^ Mas a — d by 

the potential of two additions (0 and 96h, of 1 m ( Q 2]M 

•' 5flK ® and 10 ** (Qphosphorothioate oligonucleotides 
from Table 1 to reduce the percentage of CD28-hi expressing T 
cells <C, g, and activated T cell proliferation (D, H, in each 

ZH' d * CtiVati ° n ° f T C6llS lndUCed in to tetanus 

toxoid (top panel, or following stimulation of responder T cells 

(X, by mitomycin-C treated stimulator PBMCs (Y, (bottom panel, 

These data are representative of three separate experiments. 

In Figure 14, using both tetanus toxoid-specific T cell 

assay (Figure 14B, and primary mixed lymphocyte reaction (Figure 

*4F). we observed the appearance of a subpopulation of 

activation-induced CD28-hi expressing T cells after the 6 day 

assay period. Addition of RT03S (SEQ ID NO: 44, and RT04S (SEQ 

ID NO: 45, (2 - 10 uM> resulted in a dose-related diminution of 

CD28-hi expression (Figs. 14C, 146) and a corresponding decrease 

in tetanus toxoid-specific (Figure 14D, and responder cell 
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antigen-specific (Figure 14H) T cell proliferation. No similar 
effect was observed with RT01S (SEQ ID NO: 42) or the control 
oligomers, RTC01S (SEQ ID NO: 46), RTC02S (SEQ ID NO: 47) or 
RTC06S (SEQ ID NO: 48) . 

In vitro oligonucleotide stability extends the biological 
activity of phoaphorothioate ol iaonucleo tides . 

It is known that modification of oligomers with phosphoro- 
thioate internucleotide linkages can impart nuclease resistance 
and thus extend the in vitro bioactivity from 1 - 2h to 24h 

(Stein, C. A., Cheng, Y. C. (1993) Science 261. 1004-1012.). 
Table 4 shows the temporal effect of phosphorothioates , RT03S 

(SEQ ID NO: 44) and RTC06S (SEQ ID NO: 48) on surface CD28 
expression in the continued presence © or following removal of 
oligonucleotide from the extracellular milieu on day 2 (D) . 
Monitoring was performed by immunof luorocytometry . Results are 
expressed as the difference in surface antigen expression of 
activated T cells (MCF A ) and oligonucleotide-treated activated T 
cells (MCF X ) . CD28 expression in resting T cells on day 2 to 4 
was in the range 119 - 121. "ND" represents no distinguishable 
difference . 
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Table 4. 


emporal activity of phosphorothioates following 
continuous or discontinuous oligonucleotide treatment 


Differential CD23 expression (MCF A - M CF, 


RT03S (SEQ ID 
NO: 44) 


RTC06S (SEQ ID 


Day 


MCF A 

0 

5 

10 

0 

5 

10 

2 


144.8 

18.4 

8.9 

9.3 

1.9 

1.7 

ND 

3 

C 

1-35.6 

21.9 

15.9 

5.1 

ND 

ND 

3.2 

3 

D 

136.8 

18.3 

11.8 

7.1 

1.7 

3.8 

1 

4 

C 

128.9 

18.2 

9.7 

6.1 

ND 

ND 

ND 

4 

D 

130.1 

2.3 

ND 

ND 

ND 

ND 

ND 


As shown in Table 4, the duration of effect of RT03S ,SEQ ID 
NO: 44, exceeded 24h and persisted through day 2, 3 and 4, 
relative to oligomer dose. However, upon removal of RT03S (SEQ 
ID NO: 44), from the extracellular milieu on day 2, the 
inhibitory activity remained for 24h and was then completely 
abolished within the next 24h. No oligomer activity was observed 
wxth a representative control oligo, RTC06S (SEQ ID NO- 48) 
throughout the same time course. A similar phenomenon was 
observed with oligo-mediated inhibition of activated T cell 
proliferation (data not shown) . Increased bioavailability 
provided by phosphorothioate modification alone cannot account 
for the remarkably prolonged bioactivity of RT03S (SEQ ID NO: 
44). Therefore, we demonstrated that the extended duration of 
effect was associated with additional in vitro stability provided 
by the secondary structure of RT03S (SEQ ID NO: 44). 

Figure 15 summarizes test results on the in vitro stability 
of »P-labeled phosphorothioates, RT03S (SEQ ID NO: 44) and RTC06S 
(SEQ id NO: 48) in extracellular supernatants (top panel) and 
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Jurkat cell lysates (bottom panel) . (A) Time-dependent 
degradation (0 - 96 h) of each oligonucleotide (2000 cpm) was 
assessed by electrophoresis on a 20% polyacrylamide denaturing 
gel followed by visualization using a Phosphor Imager . (B) The 
percentage of intact full length "P- RT03S (SEQ ID NO: 44) (o) 
and "P- RTC06S (SEQ ID NO: 48) (•) remaining at each time point, 
relative to t » 0, was determined in eluates from 10000 cpm of 
extracellular supernatants and cell lysates applied through 
Nickspin columns (Pharmacia). Molecular weight standards (Std), 
"P-dNTP (N) and free "P-orthophosphate (P) were simultaneously 
analyzed* 

In Figure 15A, the electropherograms clearly show that, for 
both extracellular supernatants (S) and ceil lysates (L) , 
considerably more intact "P-labeled RT03S (SEQ ID NO: 44) than 
RTC06S (SEQ ID NO: 48) remained following a 96h incubation with 
Jurkat cells. Consistent with this observation are the Nickspin 
column data (Figure 15B) . Here, the percentage of intact 
oligomer recovered from RT03S (SEQ ID NO: 44) after 96h was 54% 
(S) and 59% (L) and from RTC06S (SEQ ID NO: 48) was 10% (SI and 
34% (L) . In addition, secondary structure alone is not 
sufficient to account for the increased nuclease resistance and 
duration of bioactivity of RT03S (SEQ ID NO: 44) as its 
phosphodiester counterpart, RT03D had little bioacnivity (Table 
5) and from in vitro stability studies, only had a half-life of 
24h (data not shown) . 

Table 5. Identification of oligonucleotide sequence responsible 
for inhibition of CD28 expression and CD28-dependent IL-2 
production 
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Oligo 

RT03S (D) 
RT11S 
RT04S 

RT05S 
RT09S 
RT10S 
RT24S 
RT25S 
RT23S 
RT18S 
RT19S 
RTC07S 
RTC08S 
RT20S 

RT21S 

RT15S 
RT06S 
RTC06S 


* Relative inhibition of expression 
Sequence CD28 i L - 2 


TTG GAG fiSJLfiTG GT G GGG 

SSSJSAG G AG GGQ CTG GAA 

GGG TTG GAG GGG G Tfi GTfi 
GGG 

TTG GAG £££_SAG G AG GGG 
TTG GAG £££L_£AG GT G GGp 
TTG GAG GCG G TG GT G GCG 
TTG GAG £££_£TG GT G GCC ( 
TTG GAG GGG E TC CT C GGG 
TTG GA G CCG G TG GTG g 
GGG GTG GT G GGg 
£-£££ TT G GGG 
Tfi_£££ 
G GQ g 

CAC TGC £££_£AG GGC Tfifi 

AT £ GGQ TGC ACA AAC T££ 
££ 

AAC GTT G AG GGG CAT 
TTC CAG CCC CTC CTC CCC 
AACCTC CCC CAC CAC CCC 


100(3) 
100 


100(44) 
100 


SEQ ID 
NO: 

44 (49) 
50 


123 

100 

45 

136 

100 

51 

126 

100 

CO 
J4 

31 

38 

53 

40 

57 

54 

44 

25 

55 

38 

57 

56 

103 

120 

57 

30 

89 

58 

2 

2 

59 

2 

2 

60 

58 

76 

61 

51 

63 

62 

26 

52 

63 

29 

22 

64 

4 

2 

48 


in preparing the data for Table 5, the in vitro activity of 
phosphorothioate oligonucleotides was determined by their ability 
to inhibit CD28 expression in anti-CD3/P MA -activated peripheral 
human T cells and their effect on activated 1L-2 production in 
JurJcat T cells. Results are expressed relative to the activity 
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of 5 uM RT03S (SEQ ID NO: 44) (100°:) whose range of inhibition in 
7 experiments was 52 - 79 % of CD28 expression and 76 - 89 % of 
IL-2 production. The values for the phosphodiester form of RT03D 
(SEQ ID NO: 49) are in parentheses. 

Identification o f" minimal sequence which confers biological 

activity in ritro 

Active phosphorothioate, RT03S (SEQ ID NO: 44), is an 18 mer 
originally designed to hybridize to the 5' untranslated region of 
the human CD28 gene, and has a sequence containing two sets of 
contiguous four G's. To identify the sequence-related factors 
critical for inhibition of activation-induced CD28 expression in 
human T cells and CD28-dependent IL-2 production in Jurkat T 
cells, bases were selectively added, deleted or substituted from 
RT03S (SEQ ID NO: 44) and activity assessed relative to the 
parent oligomer {Table 5). Addition of three G's at the 5' end 
(RT04S) or one or more changes of T to A in the region between 
both four G sequences (RT05S {SEQ ID NO: 51), RT09S (SEQ ID NO: 
52)) did not reduce the inhibitory effect relative to RT03S (SEQ 
ID NO: 44). Interestingly, the sense sequence (RT11S (SEQ ID NO: 
50)) also showed no change in activity relative to RT03S (SEQ ID 
NO: 44). However, in contrast, deletion or replacement of one or 
more G's by cytosine (C) within both sets of four G's (RT10S (SEQ 
ID NO: 53), RT24S {SEQ ID NO: 54), RT25S (SEQ ID NO: 55) , RT23S 
(SEQ ID NO: 56) (SEQ ID NO: 56)) resulted in a marked loss of 
activity relative to RT03S (SEQ ID NO: 44). Deletion of the six 
residues 5' of the first four G's in RT03S (SEQ ID NO: 44) had no 
effect on the inhibitory activity of the oligonucleotide (RT18S 
(SEQ ID NO: 57)). In contrast, reducing (RT19S (SEQ ID NO: 58)) 
or increasing (RT20S (SEQ ID NO: 61), RT21S (SEQ ID NO: 62)) the 
number of residues between both four G sequences dramatically 
reduced the inhibitory activity relative to RT03S (SEQ ID NO: 
44). TGGGG, GGGG or sequences containing 4 consecutive G's such 
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as RtlSS (SEQ ID NO: 63 had little or no inhibitory activity 
relative to RT03S (SEQ ID N0: 44). These data ^.^./^ 

a oe " "^^^ ^ RT ° 3S (SE ° 10 iS "~t on 

a specie sequence motif comprised of 2 sets of 4 contiguous G's 
separated by 3 - 5 residues. 

in view of the tolerogenicity imparted by disrupting CD28 
function (Boussiotis, V. A. , Freeman, G. Cray, G. , Cribben, 

' NadleC ' (1 " 3) ^ BKP, MM. 178, 1753-1763.,, it was 

important to examine whether oligo-mediated inhibition of CD28 
expression could provide a more effective strategy for inducing t 
cell anergy and alloantigen-specif ic tolerance in vitro We 
showed that the phosphorothioate oligomers, RT03S (SEQ id NO- 44, 
and RT04S, inhibited anti-CD3/PM A -induced CD28 expression in' 
human CD4' T cells by reducing both mRNA and mature protein 
levels relative to oligomer dose. Furthermore, in order to 
demonstrate target specificity, we examined oligo-mediated 
effects on IL-2 receptor and ICAM-1 expression: two accessory 
molecules known to be regulated independently of the CD28 pathway 
(Damle, N. K., et al.. (1992, J. Iimmnnl 148 , 1985 . 1992; June 
CH. et al.. (1987, MQi . Call BiflJ 7, 4472-4481; Stein, C A ' 
et al.. Y.-c. (1993, Sconce 261. 1004-1012; Boussiotis, V A ' 
•t-I.. (1993, ^J^J^ 178 , U53-1763,. Correspondingly," 
both activated message and protein levels of CD25 and surface 
expression of CD54 were resistant to oligomer action 

Costimulation via the CD28 pathway directly induces 
expression of immunomodulatory cytokines such as IL-2, IFN Y and 
IL-8 in activated T cells (Fraser, J. D. , at al., (1991, Scieacfi 
251, 313-316 Jenkins, M. K. , et al.. (1991, J. T-nnni 147 , 
2461-2466; Seder, R. A., et al.. (1994, J. R.n. m.h 179< 
299-304; Wechsler, A. S., et al., (1994, J. T -nnni 1S3 , 
2515-2523). For tolerogenicity to be successful, active' 
CD28-specific oligomers must abrogate this function. 
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Administration of active oligomers resulted in concomitant 
modulation of activation-induced IL-2, IFNy and IL-8 production. 
To underscore the exquisite specificity of the active oligomers 
to inhibit CD28-dependent functions, showed that they were 
unable to prevent activation-induced IL-2 production in a 
CD28-deficient cell line, HUT 78. Furthermore, maximal oligo — 
mediated inhibition of IL-8 production in activated T cells never 
exceeded 50% suggesting that an alternative regulatory pathway 
driving CD28-independent IL-8 production was preserved. Oligomer 
activity was not restricted to polyclonally activated T cells, as 
inhibition of activation-induced CD28 levels resulted in 
dramatically reduced T cell proliferation in both MLR and in 
tetanus-toxoid-specific T cell assays. Thus, our active 
oligomers mediated alloantigen-specif ic tolerance in vitro, and 
provide a promising alternative to the ligand capture strategy 
for inducing T cell hyporesponsiveness such as seen with CTLA 4 
Ig, a high affinity B7 binder (Tan, P., Anasetti, C, Hansen, J. 
A., Melrose, J. , Brunvand, M. , Bradshaw, J., Ledbetter, J. A., 
Linsley, P.S. (1993) .T. Exp. Med. 177, 165-173.). 

In determining the duration of effect of the active 
pharmacophore, we observed that RT03S (SEQ ID NO: 44) showed 
surprisingly persistent inhibition of both activated CD28 
expression and CD28 -dependent T cell proliferation, even 96h 
following oligomer treatment. Bioactivity was not related to 
toxicity as upon removal of oligomer complete reversal of 
inhibitory activity occurred within 24h. Moreover, upon 
comparison of the phosphorothioates, RT03S (SEQ ID NO: 44) and 
RTC06S (SEQ ID NO: 48), our in vitro stability studies showed 
that secondary structure, mediated by the G-rich sequence in 
RT03S (SEQ ID NO: 44), increased two- to fourfold the nuclease 
resistance typically associated with phosphorothioates (Stein, C 
A., Cheng, Y. C. (1993) firi*nce 261, 1004-1012.}. The extended 
half life (96h) of 3: P-RT03S (SEQ ID NO: 44) correlated with its 
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duration of bioactivity. In addition , RT03D, the phosphodiester 
counterpart of RT03S (SEQ ID N0 : 44,, exhibited both 
vitro stability and bioactivity, an observation which is 
consistent with previous reports (Maltese, J.-v., Sharma , R „ 
Vassilev, l., Narayanan, R. (1995, Nuclei. ^ Rp , ^ " " 

i^oTs^'l Th6ref0re ' St3bility """" ^ ™^ ~ 
IsEQ ID NO L " s P° n sible for the increased bioactivity of RT03S 
(SEQ ID NO: 44,. Thus the nuclease stability granted by both 
Phosphorothioate modification and secondary structure may account 
iOC P rolon 9ed inhibitory activity of RT03S (SEQ ID NO- 44, 

Single base pair substitution in hybridization-dependent 
antisense and antigene models can virtually abolish activity ' 
(Malt ese . j.-y., sharma , „. ^ ^ r 

(1995, nucleic Acids Res. 23, 1146-1151.,. In contrast , acti 
of CD28-s P ecific oligomers was only dramatically reduced if 
sequential substitution occurred within both sets of four G's 
^Plying defined structural requirement for oligomer function, 
in addition, following cationic stabilization (100 mM KC1 and 
Naci) of the secondary structure present in RT03S (SEQ ID NO- 
44), the oligomer melting curve showed a transition profile (data 
not shown) which is suggestive of G-quartet formation (Hardin, C 
C Watson, T., corregan, M., Bailey, C. (1992, Bic.hemi .fry 31, 
333-841,. Taken together, our data provide evidence that th<s 
class of CD28- S pecific oligomers act via a hybridization- 
independent mechanism and that secondary structure of the 
sequence, possibly through G-quartet formation, delimits oligomer 
activity. Similarly, Bennett, C. F. , Chiang, M. Y. , wilson- 
Lingardo, L., Wyatt, J. R. (1994, Nuc,^ Pr , ~ 

3202-3209, demonstrated that activity of their phosphorothioate 
oligomers was based on possible G-quartet formation in sequences 
contammg two sets of three or more consecutive G and this 
suggested that oligo-mediated regulation of human phospholipase 
A, was through specific nucleic acid-protein interaction. 
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Specific protein recognition by a range of G-quartet 
structures have been demonstrated in telomeres, centromeres 
(Blackburn, E. H. (1990) J - rh^m. 265, 5919-5921), 

immunoglobulin switch regions (Shimizu, A., Honjo, T. (1984) Cell 
36, 801-803) and a class of regulatory oligomers called aptamers 
(Bock. L. C, Griffin, L . C., Latham, J. A., Vermaas, E. H., 
Tooie, J. J. (1992) Nature 355, 564-566; Huizenga, D. E . , 
Szostak, J. W. (1995) Rinrhemistrv 34, 656-665; Bergan, R. , 
Connell, Y. , Fahmy, B., Kyle, E. , Neckers, L. (1994) Nuc l e i c 
Acids Res. 22, 2150-2154). In our studies, oligomers capable of 
forming an intermolecular four stranded G-quartet structure from 
a set of four contiguous G's, such as those in telomeres (Smith, 
F. W., Feigon, J. (1992) Nature 356, 164-167), weakly inhibited 
CD23 expression. An example of this was RT15S (SEQ ID NO: 63, 
whose G-rich sequence was previously shown by others to inhibit 
c-myc expression (sequence 14 in Burgess, T. L. , Fisher, E. F . , 
Ross, S. L. , Bready, J. V., Qian, Y.-X., Bayewitch, L. A., Cohen, 
A. M., Herrera, C. J., Hu, S. S.-F., Kramer, T. B., Lott, F. D., 
Martin, F. H., Pierce, G. F., Simonet, L. , Farrell, C. L. (1995) 
Pror. Natl mart . sr< , USA 92, 4051-4055). Another G-rich 
structure, the intramolecular G-quartet, has been shown to 
mediate aptameric inhibition of thrombin (Wang, K. Y., McCurdy, 
S., Shea, R. G-, Swaminanthan, S., Bolton, P. H. (1993) 
t^nrhPmistrv 32, 1989-1904; Macaya, R. F., Schultze, P., Smith, 
F. W., Roe, J. A., Feigon, J. (1993) EcQCj Natl . &catL Sci ■ USA 
90, 3745-3749). Sequential analysis of RT03S (SEQ ID NO: 44) 
predicts that paired G's of residues 3 - 4, 7 - 8, 12 - 13 and 16 
- 17 can potentially form such a G-quartet structure. However, 
removal of residues 1 - 6 (RT18S (SEQ ID NO: 57)), which 
disrupted the intramolecular quartet, was ineffective in blocking 
the inhibition of CD28 expression and CD28-dependent IL-2 
production. These data suggest that the activity of RT03S (SEQ 
ID NO: 44) arises from an alternate G-quartet structure. 
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RT03S (SEQ ID NO: .4, indeed has a similar 12 mer se<Juence 
to a motif predicted by others (Smith, F. w., Feigon, J. U993 , 
3lPC ' l f?,7ll5rry 32 ' S6 «2-8692, to be essential for dimeric G- q uartet 
formation. Dimeric G-quartets can arise from two strands of DNA 
alternately parallel and antiparallel . Here, adjacent strands ' 
contribute four G's to form four stacked G-quartets. A motif on 
each strand, consisting of twelve residues with four bases 
separating two sets of contiguous four G's, was associated with 
formation and stability. We have shown that the core - mer 
sequence (RT18S (SEQ ID NO: 57), has similar activity to RT03S 
(SEQ ID NO: 44,. Also G to C substitutions (RT10S (SEQ ID NO- 
53, , RT23S (SEQ ID NO: 56,, RT24S (SEQ ID NO: 54), RT25S (SEQ^D 
NO: 55,, within both the four G regions resulted in a 56 - 69% 
loss of inhibitory activity relative to RT03S (SEQ ID NO- 44) 
Similarly, insertion (RT20S (SEQ ID NO: 61), RT21S (SEQ ID NO- 
62,) or deletion (RT19S (SEQ ID NO: 58)) of bases separating the 
sets of G's reduced the relative bioactivity by 52 - 70% Taken 
together, these data suggest that a specific sequence motif, 
which has the capability to form a dimeric G-quartet, is critical 
for phosphorothioate oligo-mediated inhibition of functional CD28 
expression. 

The mechanism by which this type of dimeric G-quartet exerts 
its biological effect is unknown. However, several lines of 
evidence substantiate the hypothesis that this motif enables our 
active oligomers to function as decoys, presumably by 
competitively hindering the interaction of a dimeric G-quartet 
promoter sequence with a specific transcription factor. 1, An 
oligomer corresponding to an upstream region of the CD28 gene 
(RT11S (SEQ ID NO: 50,) exhibited equivalent biological activity 
to RT03S (SEQ ID NO: 44). 2, Our active oligomers function via a 
non-antxsense mechanism. 3) These oligomers modulated CD28 mRNA 
expression; hence their bioactivity was not related to direct 
target protein interaction. 4) G-rich promoter regions are 
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prevalent (Evans, T., Schon, E., Grazyna, G. M., Patterson, J., 
EfstratiadiS, A. (1984) MnrlP^ *r1rtn Res. 12, 8043-805; 
vilpatrick, M. W., Torri, A., Kang, D. S., Engler, J. A., Wells, 
r. D . (1986) t rhPtn. 261. 11350-11354; Clark, S. P., 

Lewis, C. D., Felsenfeld, G., (1990) mol&iC ftrif l n Res. 18, 
5119-5126.), increasing the possibility that G-quartet- forming 
remoter sequences are a general regulatory phenomena. 5) Double 
stranded oligomers can act as decoys for the transcription 
factor, E2F (Morishita, R., Gibbons, G. H., Horuchi, M., Ellxson 
K. E . , Nakajima, M., Zhang, L., Kaneda, Y., Ogihara, T., Dzau, V. 
j. U 995) " -- nnri ^- USA 92. 5855-5859). 6) G-rich 

oligomers have been shown to mediate the induction of Spl 
transcription factor (Perez, J. R.. Li, Y., Stein, C A. , 
Madder, S., van Oorschot, A., Narayanan, R. (1994) PPf , Nat l . 
SgJ - USA 91, 5957-5961). 

All patents, patents applications, and publications cited 
are incorporated herein by reference. 

EflHIgMJBMIS 

The foregoing written specification is considered to be 
sufficient to enable one skilled in the art to practice the _ 
invention. Indeed, various modifications of the above-desc xbed 
ma kes for carrying out the invention which are obvious tc > those 
skilled in the field of organic chemistry or related fields are 
intended to be within the scope of the following claims. 
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CLAIMS 

What is claimed is: 


1. An oligomer capable of reducing CD29 gene 
expression in a T cell. 

2. An oligomer according to Claim 1, wherein said 
oligomer is capable of hybridizing to a CD28 gene transcript. 

3. An Oligomer according to claim 2 wherein said 
oligomer hybridizes to the initiation codon of CD28. 

«• An oligomer according to Claim 1, wherein said 
oligomer is capable of hybridizing to a CD28 gene. 

5. An oligomer according to claim 4 wherein said 
oligomer hybridizes to a transcript the initiation codon of CD28 . 

5. An oligomer according to claim 1 wherein the 
oligomer comprises at least 11 nucleic acid bases and no more 
than 50 nucleic acid bases. 

6. An oligomer according to Claim 1 wherein said 
oligomer is a DNA or RNA molecule. 

7. An oligomer according to Claim 1 having less than 
22 bases and including the sequence 5 • TTGTCCTGACGATGGGCTA3 ' , (SEQ 
ID NO:l) . w 

8. An oligomer according to Claim 1 having less than 
bases and including the sequence 5 ' AGCAGCCTGAGCATCTTTGT3 • 

(SEQ ID N0:2) . 
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9. An oligomer according to Claim 1 having less than 
22 bases and including the sequence 5 ' TTGGAGGGGGTGGTGGGG3 ' , ( SEQ 
ID NO:3) . 

10. An oligomer according to Claim 1 having less than 
22 bases and including the sequence 5 ' GGGTTGGAGGGGGTGGTGG- 

GG3 ' , (SEQ ID NO:4) . 

11. An oligonucleotide according to claim 1 having a 
phosphorothioate backbone with 11 to 50 bases comprising at least 
two sequences of GGGG separated by 3 to 5 bases. 

12. A method for treating a disease which is at least 
partially mediated by CD28, said method comprising the step of: 

administering to a patient an effective amount of an 
oligomer according to Claim 1. 

13. A method for treating a disease which is at least 
partially mediated by CD28, said method comprising the step of: 

administering to a patient an effective amount of an 
oligomer of an oligomer having 11 to 50 bases comprising at 
least two sequences of GGGG separated by 3 to 5 bases. 

14. The method of Claim 13 wherein the oligomer 
comprises the sequence 5 ' TTGGAGGGGGTGGTGGGG3 ' , (SEQ ID NO:3). 

15. The method of Claim 13 wherein the oligomer 
comprises the sequence 5 ' GGGTTGGAGGGGGTGGTGGGG3 f , (SEQ ID NO:4>. 

16. A method according to Claims 12-15 wherein said 
administration step further comprises the following steps: 

removing CD28-expressing cells from a patient; 
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introducing said oligomer into said ceils whereby 
oligomer-transformed cells are produced, and returning 
said oligomer-transformed cells into the patient. 

17. A method according to Claims 12-15 wherein said 
administration step further comprises the following steps: 
removing CD28-expressing cells from a donor; 

introducing said oligomer into said cells whereby 
oligomer-transformed cells are produced, and 
introducing said oligomer-transformed cells into the 
patient. 

16. A method according to Claims 12-15, wherein said 
oligomer is produced by transcription of an expression vector. 

17. A recombinant expression vector, said vector 
comprising, in operable combination, a promoter, and a 
polynucleotide sequence encoding an oligomer capable of 
inhibiting the inducible expression of CD28 in a T cell. 

17. A pharmaceutical formulation comprising an 
oligomer according to Claim 1. 

18. The pharmaceutical of Claim 17 wherein the 
oligomer is 11 to 50 bases in length and comprises at least two 
sequences of GGGG separated by 3 to 5 bases. 

19. The pharmaceutical of Claim 17 wherein the 
oligomer is 18 to 50 bases in length and comprises the sequence 
5 ? TTGGAGGGGGTGGTGGGG3 f , ( SEQ ID NO:3). 
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20. The pharmaceutical of Claim 17 wherein the 
oligomer is 18 to 50 bases in length and comprises the sequence 
5 * GGGTTGGAGGGGGTGGTGGGG3 1 , (SEQ ID NO:4) . 

21- A pharmaceutical formulation comprising at least 
two different oligomers according to claims 17-20. 

22. A pharmaceutical formulation according to Claims 
17-21, wherein said formulation is adapted for parenteral 
administration. 
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Figure 1A 

ttrrrrocrr Trncicicr ooarnu.Tr ocncrng: Trcrrncrr 

TICTTnCTT nCTTICICT L'l'l'lL'l'l'lLT GICnTCTTr 1CTCATICTC 
nOOOCIGGC TOSAG7GCAG TGGCAIGATC TCQ3CTCATA GCAGCCTCCA 

octoctogct TCAflooGRTr crocroocrr agocciccct AgrftocroGA 

TDOOSISC OCAOCATCAT GCCIGGOTAA TTTTTICTAT TTICAAIOGA 

GAamnTT cAecaroriG gocaggctog tctigacctc ciggoctcaa 

ATOATOCACC CACTITO30C TCOGAAATIG CTG3CA3TAC AGGOGIGAGC 
CACTGOA0OC QGCCTCITX TICITAAGAA CACTTIOICT CCOCTITAAT 
CICIGCTOGA TITCAAGCAC OOCTTTTACA CAACICTIGA TATCCATCAA 
TAAAGAATAA TICCCATAAG COCATCATGT AGTCACCGAC T ftTTTTICA G 
TGACAAAAAA AAAGTCTTTA AAAA1RGAAG TAAAAGTCTA AAGTCATCAA 
AACAACGTIA TATOOTOIGT GAAATGCTOC AGICAGGATC CCTIGTOGTr 
TGAGTOCCTT GATCATCTGC CCTAA3333A TO CT3 QCGGT QGIG 3IGGCC -61 
GTOGA3GA03 G _ u 

Figure IB 

AGACTCTCAG GOCTIGOCAG GTO OjICTTT CAglTCOCCT CACACTTCGG 50 
GTICCTOQOG GAGGAGGGGC TGGAACCCTA GCCCATO5TC A3GACAAAGA 

M 

TBCTCAQGCT GCTCTTO3CT CTCAACTEAT TCOCTTCAAT TZAAGIAACA 
etLeuArgLe uLeuLeuAla LeuAsnLeuP heProSerll eGlnVallhr 
GGAAACAAGA TTITOGTCAA GCAGICGOOC ATGCTIGTAG 03TAOGACAA 200 
GlyAsnLysI leLeuValLy sGlnSerPro MetLeuValA laTyrAspAs 
TGOGGICAAC CTEMCTOCA AGiaTICCTA CAATCICITC TCAAGQGAGT 250 
nAlaValAsn LeuSerCysL ysTyrSeny rAsnLeuPhe SerArgGluP 
TCOGQQCATC OZTICACAAA GGACIOGATA GTOCTOIGGA AGICTGTOTT 300 
heArgAlaSe rLeuHisLys GlyLeuAspS erAlaValGl uValCySVal 
GTATATGGGA ATEACICCCA GCAGCTICAG GTTEACTCAA AAAO03GGTT 350 
VallyrGlyA srflyrSerGl nSlnLeuGln VallyrSerL ysflhrGlyPh 
CAACIGTCAT Q3GAAATTGG GCAATGAATC AGTGACATIC TACCICCAGA 400 
eAsnCysAsp GlyLysLeuG lyAsnGluSe rVallhrEhe TyrLeuGlnA 
ATTTCTA3GT TAACCAAACA GATMTTACT TCTOCAAAAT TGAAGTDOG 450 
snLeuflyrVa lAsnGlrtTinr AspIleOyrP heCysLysIl eGluValMet 


100 
150 
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Figure 1C 

TATOCTOCIC CITAOCEAGA CAA3GAGAAG AGCAATOGAA CTATTATCCA sqq 
IVrProProP rcTyrLeuAs pAsnGluLys SerAsnGlyT hrllelltfH 

TCIGAAAGOG AAACAOCTTT GTOCAAGTOC QCT AT rTOOC GGftCCTTCTA 550 
sValLysGly LysHisLeuC ysProSerPr oLeuPhePro GlyProSerL 

agccctitig gjigctosig giogtiggig gactcciqgc ttoctataoc eoo 

ysProPheTr pValLeuVal ValValGlyG lyValLeuAl aCysTyrSer 

TIGCraGTAA CAGTOLXJL1T TATTATITIC TOGGIGAGGA GIAAGAGGAG 650 

LeuLeuValT hrValAlaPh ellellePhe TrpValArgS erLysArgSe 

CAGGCIOnG CACAGTGACT ACA3GAACAT GACTCOO00C OXOXOXr 700 

rArgLeuLeu HisSerAspfT yrMetAsriMe flhrProAry ArgProGlyP 

CCAO00GCAA GCATIACCAG O0CEATO0QC CAOCAOGCGA CITOQCAGOC 750 

rcOhrArgLy sHisTyrGln PrtfTyrAlaP roProArgAs pPheAlaAla 

TATCGCTCUT GACACGGACG CXTATCCAGA AGOCW3COQG CIGQCAGCCC 800 
TVrArgSer. . . 

CCA1CIGCIU AATATCAC1G CICIGGATAG GAAA3GAC03 CCAIUICCAG 850 

CXXXXTACCT CAGCCCC1GT TG330CAOCA ATQOCAATTT TTCTOGAGIG 900 

ACISGACCAA AIATCAftGAT CATTTIGAGA CTCIGAAA3G AAGTAAAAGA 950 

GATTTOCTCT GACAGGCCAA GICTEACAGT Q0C A T3XOJ ACATICCAAC 1000 

TTAGCATCEA CTTAGIGACT TGACIGAGAA GTEAOQCTAG AAAACAAAAA 1050 

GGGAGIGGAT TCIGGGAGOC 'lLTlUJLTIT CICACTCAGC TOOOOCIC 1100 

AGICAflXAA AGIGIGGIAT TTTACITOCA GAAGAAA9GC 1150 

TAGGAAATCA TTOCTTITOG TTAAATOGGT GTTEAATCIT TIGgTDOIG 1200 

GGITAAACGG QGEAAGITAG AGTAGGGOGA GGGATAGGAA GACATATTEA 1250 

AAAACCATIA AAACACIGIC TOOCACTCAT GAAATGAQOC ACGEAGTICC 1300 

TATTTAATOC TGTnTOTT TftGHTAGAA ATACATAGAC AXIGICTTTT 1350 

ATCAATTCTG AICATA3TIA GICMTTIGA CTAAATCAOG GATTIGGICA 1400 

AATGAGQGAT TOX1CAAAG CAATATCMG TAAAOCAACT TSCTnOCIC 1450 

ACTOOCTCIC ATCAGACTIC AGIGTEAATG TICACAATAT ACITTOGAAA 1500 

GAATAAAATA GTIC ]5 14 
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Figure 3A 
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Figure 3B 
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Figure 3C 
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Figure 9 
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IS AND COMP OSTTTONS FOR REGTJIATI ON OF CD2B EXPRESSION 


I. FTEIiD OF THE INVENTION 

The invention is in the field of modulating gene expression 
through the use of oligomers, particularly those oligomers 
effective in treating immune system-mediated diseases. 

II. BACKGROUN D OF THE INVENTION 

While the immune system plays a crucial role in protecting 
higher organisms against life-threatening infections, the immune 
system also plays a crucial part in the pathogenesis of numerous 
diseases. Those diseases in which the immune system plays a 
part include autoimmune diseases in which the immune system 
reacts against an autologous antigen, e.g., systemic lupus 
erythematosus, or diseases associated with immunoregulation 
initiated by reaction to a foreign antigen, e.g., graft vs. host 
disease observed in transplantation rejection. 

The pathogenesis and exacerbation of many common T-cell 
mediated diseases result from an inappropriate immune response 
driven by abnormal T-cell activation. The presence of activated 
T-cells have been reported in many T-cell mediated skin diseases 
(Simon et al . , (1994) .7. Invest Derm. , 1122:539-543). For 
example, psoriasis, which afflicts 2% cf the Western population 
including four million Americans, is a skin disorder 
characterized by keratinocyte hyperprolif eration and abnormal 
dermal and epidermal infiltration of activated T-cells. Many 
reports suggest a major role of these activated T-ceils in the 
pathogenesis of psoriasis (Baadsgaard et al., {1990) w. Invest 
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EaXHl. f 2^:275-282, Chang et al., (1992) Arch , DeT-m , 12£;1479- 
1485, Schlaak et ah, (1994) J. Invest nprm. 1£2:145-149) and 
in AIDS - exacerbated psoriasis (Duvic (1990) J. Invest , ner^ 
£Q.:38S-40S) . In psoriasis, activated lesional T-cells 
predominantly release the Thl cytokines (IL-2, interf eron-gamma) 
(Schlaak et al., (1994) J. Invest Dpt-th. 1^2:145-149). These 
secreted cytokines induce normal keratinocytes to express the 
same phenotype (HLA DR+/ICAM-1+) as found in psoriasis lesions 
(Baadsgaard et al . , (1990) J. Invest Derm. . 1^:275-282) . Also, 
by virtue of its in vitro and in vivo proinflammatory properties 
and because it is secreted in large amounts by both activated 
T-cells and keratinocytes from psoriatic lesions, IL-8 is 
considered to be a major contributor to the pathologic changes 
seen in psoriatic skin such as keratinocyte hyperprolif eration. 
Furthermore, one of the B7 family of receptors (the natural 
ligands for CD28 found on activated APC) , BBl,has been shown to 
be expressed in psoriatic but not unaffected skin keratinocytes 
(Nickoloff, et al . , (1993) Am. J. Pathology , 142 :102 9-104 0) . 

A number of other diseases are thought to be caused by 
aberrant T-cell activation, including Type I ( insulin- dependent ) 
diabetes mellitus, thyroiditis, sarcoidosis, multiple sclerosis, 
autoimmune uveitis, rheumatoid arthritis, systemic lupus 
erythematosus, inflammatory bowel disease (Crohn's and 
ulcerative colitis) and autoimmune hepatitis. In addition, a 
variety of syndromes including septic shock and tumor- induced 
cachexia may involve T-cell activation and augmented production 
of potentially toxic levels of lymphokines . Normal T-cell 
activation also mediates the rejection of transplanted cells and 
organs by providing the necessary signals for the effective 
destruction of the "foreign" donor tissue. 
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The activation of T-lymphocytes leading to T-cell 
proliferation and gene expression and secretion of specific 
immunomodulatory cytokines requires two independent signals. 
The first signal involves the recognition, by specific T-cell 
receptor/CD3 complex, of antigen presented by major histocompa- 
tibility complex molecules on the surface of antigen presenting 
cells (APCs) . Antigen-nonspecific intercellular interactions 
between T-cells and APCs provide the second signal that serves 
to regulate T-cell responses to antigen. These secondary or 
costimulatory signals determine the magnitude of a T-cell 
response to antigen. Costimulated cells react by increasing the 
levels of specific cytokine gene transcription and by 
stabilizing selected mRNAs. In the absence of costimulation, 
T-cell activation results in an aborted or anergic T-cell 
response. One key costimulatory signal is provided by 
interaction of the T-cell surface receptor CD28 with B7-related 
molecules on APC (Linsley and Ledbetter (1993) Ann. R»v 
I mmunol ., 11:191-212). CD28 is constitutively expressed on 95% 
of CD4 + T-cells (which provide helper functions for B-cell 
antibody production) and 50% of CD8+ T-cells (which have 
cytotoxic functions) (Yamada et al . . (1985) Eur, r. Tmm„ r1 
15.:ll64-ll68) . Following antigenic or in vitro mitogenic 
stimulation, further induction of surface levels of CD28 occurs, 
as well as the production of certain immunomodulatory cytokines. 
These include interleukin-2 (1L-2), required for cell cycle 
progression of T-cells, interferon-gamma, which displays a wide 
variety of anti-viral and anti-tumor effects and interleukin-8 
(IL-8), known as a potent chemotactic factor for neutrophils and 
lymphocytes. These cytokines have been shown to be regulated by 
the CD28 pathway of T-cell activation (Fraser et al . , (1991) 
Sc i ence , 2=1:313-316, Seder et al . . (1994) J. Fv r M flf ] 
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179 ;299-304, Wechsler et al . , (1994) J . Immunol ■ . 
151:2515-2523) . IL-2, interf eron-gamma , and IL.-8 are essential 
in promoting a wide range of immune responses and have been 
shown to be overexpressed in many T-cell mediated disease 
states. 

.In some T-cell mediated skin disorders such as allergic 
contact dermatitis and lichen planus, CD28 was expressed in high 
levels in the majority of dermal and epidermal CD3 + T-cells but 
in normal skin and basal cell carcinoma (a non T-cell mediated 
skin disease), CD28 was expressed only in perivascular T-cells. 
Similarly, in both allergic contact dermatitis and lichen 
planus, B7 expression was found on dermal dendritic cells, 
dermal APCs and on keratinocytes but not in normal skin and 
basal cell carcinoma (Simon et al., (1994) J , Tnvesf, Derm - , 
Ifll: 539-543) . Therefore this suggests that the CD28/B7 pathway 
is an important mediator of T-cell-mediated skin diseases. 

Aberrant T-cell activation associated with certain 
autoimmune diseases caused by the loss of self -tolerance is 
predominantly characterized by the presence of CD28 + T-cells and 
expression of its ligand, B7 on activated professional APCs 
(monocyte, macrophage or dendritic cells) . These include 
autoimmune Graves thyroiditis (Garcia-Cozar et al . , (1993) 
Immunol . . 12:32), sarcoidosis (Vandenbergh et al . . (1993) InL^ 
Immunol., 1:317-321), rheumatoid arthritis (Verwilghen et al . 
(1994) - Immunol . , 132.: 1378-1385) and systemic lupus 
erythematosus (Sfikakis et al., (1994) Clin F . TTP. Immuno l • > 
21:8-145 . In normal T-cell activation, which mediates the 
rejection of transplanted cells and organs, the binding of CD28 
by its appropriate B7 ligand during T-cell receptor engagement 
is critical for proper allogeneic response to foreign antigens, 
for example, on donor tissue (Azuma et al . , (1992) r £2SL Med -. 
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12^:353-360, Turka et al., (1992) Proc. War, Acarf SgJ TTff ft 
£2:11102-11105) . 

Traditional therapies for autoimmune diseases do not 
prevent T-cell activation; the effector step in the autoreactive 
immune responses to self -antigen. Drugs, such as steroids and 
non-steroid ant i- inflammatory drugs (NSAIDS) , are currently used 
to ameliorate symptoms, but they do not prevent the progression 
of the disease. In addition, steroids can have side effects 
such as inducing osteoporosis, organ toxicity and diabetes, and 
can accelerate the cartilage degeneration process and cause 
so-called post-injection flares for up to 2 to 8 hours. NSAIDS 
can have gastrointestinal side effects and increase the risk of 
agranulocytosis and iatrogenic hepatitis. Immunosuppressive 
drugs are also used as another form of therapy, especially in 
advanced disease stages. However, these drugs suppress the 
entire immune system and often treatment has severe side effects 
including hypertension and nephrotoxicity. Also established 
immunosuppressants such as cyclosporin and FK506 cannot inhibit 
the CD2 8 -dependent T-cell activation pathway (June et al., 
(1987) Mol. Cell. Biol . . 7:4472-4481). 

Given the shortcomings of currently-available pharma- 
ceuticals and methods for treating immune system-mediated 
diseases, it is of interest to provide new methods and com- 
positions for treating such diseases. 

III. SUMMARY OF THE INVENTION 

The subject invention provides methods and compositions for 
the treatment of immune system-mediated diseases. The composi- 
tions of the invention have the property of reducing the 
expression of CD28 in cells of interest, which in turn moderate 
pathogenic effects of the immune system in an immune system- 
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mediated disease . The subject methods of reducing CD28 
expression may also serve as methods of reducing the effects of 
antigenic stimulation of CD28* T cells, thereby decreasing the 
level of activation of CD28* T cells and the release of cytokines 
associated with T cell activation, including interleukin-2 , 
interf eron-gamma, and interleukin-8 . The compositions of the 
invention include many different oligomers capable of reducing 
the expression of CD28. 

One aspect of the invention is to provide oligomers capable 
of reducing the expression of CD28 by interfering with the 
expression of CD28 . The oligomers of the invention have nucleic 
acid base sequence homology to a CD28 gene or a CD28 gene 
transcript, or a portion thereof, where the homology is 
sufficient to permit formation of a nucleic acid double -stranded 
helix or triple-stranded helix under intracellular conditions. 
The oligomers of the invention may be DNA, RNA, or various 
synthetic analogs thereof. In particular embodiments, oligomers 
having 11 to 50 bases comprising at least two sequences of GGGG 
separated by 3 to 5 bases. 

Another aspect of the invention is to provide genetic 
engineering vectors for the intracellular expression of 
oligomers of the invention in cells of interest, preferably 
cells that naturally express CD28. 

Another aspect of the invention is to provide pharmaceu- 
tical formulations comprising one or more different oligomers of 
the invention. The pharmaceutical formulations may be adapted 
for various forms of administration to the body or - 
administration to ceils to be reintroduced into the body. 

Another aspect of the invention is to provide methods for 
the treatment of immune system-mediated diseases. The methods 
of the invention involve modulating CD28 expression by 
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administering an effective amount of the oligomers of the 
invention. The methods of the invention include methods of 
treating autoimmune disease, methods of reducing inflammation, 
response, methods of reducing the production of selected 
cytokines, methods of inactivating T cells, and methods of 
immunosuppressing a transplant patient. 

IV- BRIEF DESCRIPTION OP rag nBAWT^sg 

Figure 1 is the sequence of the 5- untranslated region of 
the CD28 gene (1A) and the mRNA sequence of human CD28 (IB, IC) . 
Figures IB and IC represent different contiguous portions of a 
polynucleotide sequence. 

Figure 2 is a graphical representation of the percentage of 
viable (live) T-cells following treatment with various CD28- 
specific and control phosphorothioate and phosphorothioate - 
3 ' hydroxypropyl amine oligonucleotides . 

Figure 3 is a graphical representation of anti-CD3 
monoclonal antibody/PMA- induced CD28 expression in human T-cells 
from two donors (GV010 and JCOllj , (A) and the effect of 
CD28-specific and control phosphorothioate (B, batch 1 and 2) 
and phosphorothioate-3'hydroxypropylamine (C) oligonucleotides 
on anti-CD3 monoclonal antibody/PMA- induced CD28 expression in 
peripheral blood T-cells from the same 2 donors. 

Figure 4 is a graphical representation of A) the induction 
of T-cell proliferation by mitogens in human T-cells from donor 
KS006 and B) the effect of CD28-specif ic and control 
phosphorothioate oligonucleotides on anti-CD3 monoclonal 
antibody/PMA- induced human T-cell proliferation. 

Figure 5 is a graphical representation of the induction of 
interleukin-2 (IL-2) production by anti-CD3 monoclonal antibody 
and PMA in human T-cells (A) and the effect of CD23 -specif ic and 
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control phosphorothioate (B) phosphorothioate- 3 • hydroxypropyl - 
amine (C) oligonucleotides on anti-CD3 monoclonal antibody/ 
PMA- induced IL-2 production in human peripheral T-cells. 

Figure 6 is a graphical representation of the induction of 
interferon-gamma (IFN Y 5 production by anti-CD3 monoclonal 
antibody and PMA in human T-cells (A) and the effect of 
CD28-specific and control phosphorothioate <B) phosphorothio- 
ate- 3 'hydroxypropylamine (C) oligonucleotides on anti-CD3 
monoclonal ant ibody/PMA- induced interferon-gamma production in 
human peripheral T-cells. 

Figure 7 is a graphical representation of the induction of 
interleukin-8 (IL-8) production by anti-CD3 monoclonal antibody 
and PMA in human T-cells (A) and the effect of CD28-specif ic and 
control phosphorothioate (B) phosphorothioate- 3 'hydroxypropyl- 
amine (C) oligonucleotides on anti-CD3 monoclonal antibody/PMA- 
induced IL-8 production in human peripheral T-cells. 

Figure 8 is a graphical representation of the induction of 
interleukin-2 receptor (IL-2R, otherwise known as CD25) (A) and 
intracellular adhesion molecule-1 (ICAM-1 otherwise known as 
CD54) (B) expression by anti-CD3 monoclonal antibody and PMA in 
human peripheral T-cells treated with and without CD28-specif ic 
and control phosphorothioate 3 • hydroxypropylamine oligonucleo- 
tides . 

Figure S is a graphical representation of CD28 expression 
in HUT 78 (A) and Jurkat (B) human T-cell lines before and after 
anti-CD3 monoclonal antibody and PMA treatment, and the effect 
of CD28-specific phosphorothioate oligonucleotides in ant i- CDS 
monoclonal antibody and PMA-treated Jurkat cells (C) . 

Fioure 10 is a graphical representation of the effect of 
CD28-specific phosphorothioate oligonucleotides on interleukin-2 
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production in anti-CD3 monoclonal antibody and PMA-treated HUT 
78 (A) and Jurkat (B) human T-cell lines. 

Figure 11 is a graphical representation of the effect of 
phosphorothioate oligonucleotides on surface expression of 
accessory molecules and on cytokine secretion in activated T 
cells. 

Figure 12 is a graphical representation of the effect of 
phosphorothioate oligonucleotides on CD28 and CD25 mRNA levels. 

Figure 13 is a graphical representation of the specificity 
of oligonucleotides RT03S (SEQ ID NO: 44) and RT04S (SEQ ID NO: 
45) with respect to inhibitory effect on functional CD28 
expression. 

Figure 14 is a graphical representation of the tolerance 
induction in vitro by the CD28-specif ic oligonucleotides, RT03S 
(SEQ ID NO: 44) and RT04S (SEQ ID NO: 45). 

Figure 15 is a graphical representation of the in vitro 
stability of "P-labeled phosphorothioates . RT03S (SEQ ID NO: 44) 
and RTC06S (SEQ ID NO: 48) in extracellular supernatants (top 
panel) and Jurkat cell lysates (bottom panel). 

V - PfiTAHEI) DESCRIPTION OF svv.rTwr r amonTMPK^ 

Described herein are methods and compositions for treating 
immune system-mediated diseases, wherein the desired therapeutic 
effect is achieved by decreasing the expression of CD28, thereby 
abrogating activated CD28' T cell function and decreasing 
activation of other immune system cells. The inventor has 
discovered that antigen- dependent T cell activation may be 
inhibited by decreasing the expression of CD28 in CD28' T cells. 
The invention provides numerous compounds that may be used to 
decrease the expression of CD28 in T cells. 
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The invention described herein involves the discovery that 
decreasing CD28 expression in T cells can interfere with the 
antigen-specific activation of T cells. The discovery may be 
used to provide numerous methods of treating immune system- 
mediated diseases with oligomers targeted to CD28 and with non- 
oligomer compounds that decrease CD28 expression. By employing 
the discoveries of the biological effects of decreasing CD28 
expression as described in this application, numerous methods of 
treating immune system-mediated diseases are provided, such 
methods may employ non- oligomer compounds that have not yet been 
synthesized or purified. 

One aspect of the invention is to provide for oligomers 
that can be used to inhibit gene expression of certain genes is 
an established technique frequently referred to as the use of 
-anti-sense" oligonucleotides or "anti-sense therapy." Numerous 
publications on the construction and use of anti-sense are 
available. Exemplary of such publications are: Stein et al., 
srisnce . 2SlL- 1004-1012 (1993); Milligan, et al . , J , Mftd ■ Chem - . 
i£:1923-1937 (1993); Helene, et al.. ,7 Piochim BiPPhYS. Acta , 
1049: 99-125 (1990); Wagner, Nature . , 222:333-335 (1994); and 
Crooke and Lebleu, BflLi^gfiOSS Wesearch and ftPPl i cat i ons . CRC 
Press, Boca Raton (1993) . The term "anti-sense" as used herein, 
unless indicated otherwise, refers to oligomers (including 
oligonucleotides) capable of forming either double -stranded or 
triple-stranded (triplex) helices with polynucleotides so as to 
interfere with gene expression. The principles of anti-sense 
design and use described in these publications, and other 
similar publications, may be used by the person of ordinary 
skill in the art to design, make^ and use various embodiments o 
the CD28 specific oligomers of the invention. 
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The oligomers of the invention are capable of modulating 
the expression of the CD28 gene. The oligomers of the invention 
include those oligomers that have the property of being able to 
form either a double-stranded polynucleotide helix by 
hybridizing with CD28 transcripts (or portions thereof) , or a 
double-stranded polynucleotide helix by hybridizing with a 
portion or portions of a CD28 gene, wherein the helix formation 
may occur under intracellular conditions. The oligomers of the 
invention also include those oligomers that are capable of 
affecting the regulation of gene expression such as by acting as 
molecular decoys and preventing protein -nucleic acid interaction 
of transcription factors with regulatory elements of the 
untranslated regions of the CD28 gene. Additionally, the 
oligomers of the invention include those oligomers that are 
capable of forming a triple-stranded polynucleotide helix with a 
portion or portions of a CD28 gene, wherein the helix formation 
may occur under intracellular conditions. Both double -stranded 
helix and triple-stranded helix base pairing relationships 
between nucleic acid bases (e.g., adenine -thymine, cytosine- 
guanine, uracil -thymine) are known to the person of ordinary 
skill in the art and may be employed in the design of the 
oligomers of the invention. Regions of the CD28 gene or CD28 
gene transcript at which double -stranded helix or triple- 
stranded helix formation can occur with a given oligomer of the 
invention are said to be "targeted" by that oligomer. 

Human CD28 is a 90-kDa homodimeric transmembrane glyco- 
protein present on the surface of a subset of T cells. CD28 is 
present on most CD4* T cells and about 50% of CDS' T cells. The 
DNA sequence encoding human CD28 has been resolved as can be 
found, among other places, in Lee et al. Jour, a i & t^^ Tj . 
1^:344-352 -1990) and on publicly accessible gene databases 
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such as GenBank. The human CD28 gene comprises four exons, each 
defining a functional domain of the predicted protein. 
Transcription products of varying sizes have been observed to be 
produced from the human CD28 gene. The oligomers of the 
invention may be designed by referring to the published 
nucleotide sequence of the CD28 gene or the sequence of CD28 
gene-derived cDNAs. The compositions and methods of the 
invention may be readily adapted for use in mammals other than 
humans by referring to the sequence of the CD28 gene from non- 
human mammals, the sequence of non-human CD28 gene may be 
obtained by, among other methods, using previously identified 
CD28 gene sequences from humans (or other mammals) as gene 
library hybridization probes and/or PCR (polymerase chain 
reaction) amplification primers. While the published nucleotide 
sequences of the CD28 gene are believed to be accurate, the 
subject invention may be practiced by the person of ordinary 
skill in the art even if the published nucleotide base sequence 
of. CD28 contains sequencing errors. The proper nucleotide base 
sequence errors in published sequences may be detected by, among 
other means, re-sequencing regions of the CD28 gene (or CD28 
gene transcripts) targeted by the oligomers of the invention. 
Re-sequencing may be performed by means of conventional DNA 

sequencing technology. 

The oligomers of the invention preferably comprise from 
about 11 to about 50 nucleic acid base units. It will be 
readily appreciated by the person of ordinary skill in the art 
that oligomers of the invention may be significantly longer than 
50 nucleic acid base units. In a more preferred embodiment of 
the invention, the oligomers comprise from about 8 to about 25 
nucleic acid base units; more preferably from about 14 nucleic 
acid base units to about 22 nucleic base units. The preferred 
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size limitations for the oligomers of the invention pertain only 
to those oligomers that are to be administered extracellularly 
to a cell and are not applicable to intracellular^ produced 
CD28 specific oligomers, e.g., as produced from vectors for the 
genetic manipulation of target host cells. 

The oligomers of the invention may have numerous different 
nucleic acid base sequences. The oligomers of the invention may 
be selected to reduce expression of CD28 by hybridizing (through 
nucleic acid - nucleic acid interaction) to virtually any region 
of a CD28 transcript of CD28 gene in order to reduce expression 
of CD28, or by hybridizing (through nucleic acid - protein 
interaction) to non-nucleic acid molecules that recognize 
untranslated sequences of the CD28 gene. For example, oligomers 
of the invention may be selected so as to be able to hybridize 
to translated regions of a CD28 transcript, untranslated regions 
of a CD28 transcript, unspliced regions of a CD28 transcript, 
CD28 gene introns, CD28 promoter sequences, and CD28 regulatory 
sequence, the 5' cap region of a CD28 transcript, CD28 gene 
coding regions, and the like (including combinations of various 
distinct regions) . Preferred embodiments of the CD28 gene and 
CD28 gene transcripts by the oligomers of the invention are in 
the translational and/or transcriptional initiation regions of 
the CD28 gene (and transcripts thereof) . By varying the 
location of the CD28 or CD28 gene transcript in which helix 
formation may occur through the selection of the nucleic acid 
base pair sequence of the oligomer, the potency of the oligomer, 
i.e., the amount required to produce the desired biological 
effect will be varied. Preferred embodiments of the oligomers 
of the invention have the highest possible potency. The potency 
of different oligomers of the invention may be measured by 
various in vitro assays known to the person of ordinary skill in 
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the art. Examples of such assays can be found in the 
experiments section of this application. The person of ordinary 
skill in the art will appreciate that it not desirable to 
produce oligomers that are targeted to polynucleotide sequences 
that are also present at gene locations other than the CD28 
gene. For example, it would be undesirable to produce an 
oligomer targeted to the Alu sequence in the 5 1 untranslated 
region of the CD28 transcript (the Alu region of the CD28 is 
described in Lee et al . , Journal of Immunology, 14£:344-352 
(1990)) . The use of oligomers that form double -stranded or 
triple -stranded helices with gene or transcripts of genes other 
than CD28 may be minimized by performing homology searches of 
oligomer nucleotide base sequences against polynucleotide 
sequence information present in publicly accessible data bases 
such as GenBank. 

In a preferred embodiment of the invention, the subject 
oligomers exhibit perfect nucleic acid base complementarity to 
the selected target sequence, i.e., every nucleic acid base in 
the oligomer may enter into a base pairing relationship with a 
second (or third) nucleic acid base on another strand of a 
double (or triple) helix. However, a person of ordinary skill 
in the art will appreciate that various oligomers specific for a 
CD28 gene target and/or capable of inhibiting CD28 expression 
may have nucleotide base sequences that lack perfect 
hybridization to the CD28 gene (either strand) , CD28 gene 
transcripts, or CD28-specif ic regulatory proteins. 

In preferred embodiments of the oligomers of the invention 
are oligomers having the following nucleotide base sequences: 
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5 • TTGTCCTGACGATGGGCTA3 • (SEQ ID NO : 1 ) RT0 1 

5 • AGCAGCCTGAGCATCTTTGT3 ' (SEQ ID NO:2) RT02 

5 ' TTGGAGGGGGTGGTGGGG3 ' (SEQ ID NO:3) RT03 

5 • GGGTTGGAGGGGGTGGTGGGG3 ' (SEQ ID NO : 4 ) RT04 

In particularly preferred embodiments of the invention, the 
oligomers having the nucleotide base sequences indicated in 
RT01, RT02, RT03, and RT04, are phosphorothioates . Particularly 
preferred oligomers are phosphorothioate-3 1 hydroxypropylamine , 
as described in Tarn et al.. N UC 1 . ftrM ?f>5 22:977-986 (19941. 

Oligomers of the invention may be designed so as to 
decrease the expression of CD28 in T cells that have 
internalized extracellularly applied oligomers of the invention. 
Additionally, oligomers of the invention may be designed so as 
to decrease expression of CD28 when the oligomers are produced 
intracellulars through the use of genetic expression vectors. 
Inhibition of CD28 expression may be effected through (I) inter- 
ference with CD28 gene transcription, (ii) interference with 
the transcription of CD28 gene transcripts, (iii) interference 
with the processing of CD28 gene transcripts, or any combination 
of (I), (ii), and (iii). The precise degree and mechanism of 
the interference of CD28 expression will depend on factors such 
as the structure of the particular oligomer, the nucleotide base 
sequence of the oligomer, the dosage of oligomer, the means of 
administering the subject oligomer, and the like. 

The term "oligomer" as used herein refers to both naturally 
occurring polynucleotides, e.g., DNA, RNA, and to various 
artificial analogs of naturally occurring nucleic acids that 
have the ability to form either double-stranded or triple- 
stranded helix with DNA or RNA. Many oligomers that are 
artificial analogs of naturally occurring polynucleotides have 
properties that make them superior to DNA cr RNA for use in the 
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methods of the invention. These properties include higher 
affinity for DNA/RNA, endonuclease resistance, exonuclease 
resistance, lipid solubility, RNAse H activation, and the like. 
For example, enhanced lipid solubility and/or resistance to 
nuclease digestion results by substituting an alkyl group or 
alkoxy group for a phosphate oxygen in the internucleotide 
phosphodiester linkage to form an alkylphosphonate oligonucleo- 
tide or alkylphosphotriester oligonucleotide. Non-ionic 
oligomers such as these are characterized by increased 
resistance to nuclease hydrolysis and/or increased cellular 
uptake, while retaining the ability to form stable complexes 
with complementary nucleic acid sequences. 

While numerous oligomers that are analogs of naturally 
occurring nucleic acids are explicitly described herein, and/or 
are otherwise known to the person of ordinary skill in the art, 
it will be appreciated that numerous oligomers that are nucleic 
acid analogs that may be developed in the future may be readily 
adapted by those of ordinary skill in the art to inhibit the 
expression of CD28 genes. A brief review of different currently 
available DNA/RNA analogs that may be used as oligomers of the 
invention by selection of the appropriate nucleic acid base 
sequence so as to target CD28 genes (and transcripts thereof) is 
provided below. The various oligomers described in those 
publications are examples, not limitations, of different 
possible embodiments of oligomers that may be adapted for 
inhibition of CD28 expression in the methods and compositions of 
the invention. Methylphosphonate (and other alkyl 

phosphonate) oligomers can be prepared by a variety of methods, 
both in solution and on insoluble polymer supports (Agrawal and 
Fiftina, fflr 1 &rids Res.. £-.3009-3024 (1979); Miller et ai . , 
pinrhprnistrv . 1^:5134-5142 (1979); Miller et al . , w . S l P l ■ 
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Chan.. 255:9659-9665 (1980); Miller et al . , Nucl ff rn 
11:5189-5204 (1983); Miller et al . , Nucl ^ ^ ^..^g. 
6242 (1983); Miller et al., BiQChfflllffrry. 25:5092-5097 (1986); 
Sinha et al., Tetrahedron Wf . 21:877-880 (1983) ; Dorman et 
al.. Tetrahedron , 45:95-102 (1984); Jager and Engels, 

Tetrahedron ^rr .. 25.: 1437-1440 (i984) ; Noble et mi.. Nuci. 

Ac i dfi Ren ., 12:3387-3404 (1984) Callahan et al., Pror . Mafl 
Acad. Sfii HS&, 52:1617-1621 (1986); ^mH-Vy ec a2 
Chem i ca ffrriprfl , 25i251-260 (1986); Agrawal and Goodchild, 

Tetrahedron T . ^rr , 25:3539-3542 (1987); Lesnikowski et ai., 

Tetrahedron Tirrr ., 25:5535-5538 (1987> ; Sarin et aJ., Proc. 
Nat l ■ ftOfld . Sci , Uflft , 55:7448-7451 (1988). 

Additional oligoribonucleotide analogs for use as oligomers 
are described in Inova et al., Nucl.ir Fff] 

(1987) (2--0-methylribonucleotides), Inova et al . , febs T.^h 
215:327 (1987) . 

Descriptions of how to make and use phosphorothioates and 
phosphorodithioates can be found in, among other places, the 
following publications: United States Patent No. 5,292,875, 
United States Patent No. 5,286,717, United States Patent 
No. 5,276,019, Patent No. 5,264,423, United States Patent 
No. 5,218,103, United States Patent No. 5,194,428, United States 
Patent No. 5,183,885, United States Patent No. 5,166,387, United 
States Patent No. 5,151,510, United States Patent No. 5,120,846, 
United States Patent No. 4,814,448, United States Patent No. 
4,814,451. United States Patent No. 4,096.210, United States 
Patent No. 4.094.873, United States Patent No. 4,092.312, United 
States Patent No. 4,016,225. United States Patent No. 4,007,197, 
United States Patent No. 3,972,887, United States Patent No. 
3.917,621, and United States Patent No. 3,907,815. Dagle et al . . 
Nuc l. &sidS Raa . 15:4751-4757 (1990). Loke et al . , Pre:-. 
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ft rf) ^ gr-i nsA . 2£:3474-3478 (1989), LaPlanche, etal., Nucleic 

-iris Res . . 11:9081 (1986) and by Stec, ec al . , J. AID. Chem. 
Soc . 106 :6077 (1984), and Stein et al., Nlld . Acids Res- 
1£:3209-3221 (1988). 

Descriptions of how to make and use phosphoramidates can be 
found in among other places the following publications: Agrawal 
et al., Eras SaU Sci - ■ 22:7079-7083 (1988), Dagle et 

al ., mis] ^-irfs Res. . lfi(6) :4751-4757 (1990), Dagle et al., 
Hl 1f: 1 &HH B Res. 19(8) :1805-1810 (1991), 

Other polynucleotide analogs of interest include compounds 
having acetals or thioacetals in the backbone structure. 
Examples of how to make and use such compounds can be found, 
among other places in, Gao et al., Biochemistry 21:6228-6236 
(1992), Quaedflieg et al . , letxabfidxaa Lfifct - 33 (21) : 3081-3084 
(1992), Jones et al., J. "™ ■ ChSJL 58:2983-2991 (1993). 

Other polynucleotide analogs of interest include compounds 
having silyl and siloxy bridges in the backbone structure. 
Examples of how to make and use such compounds can be found, 
among other places in Ogilvie and Cormier, Tetrahedron Lett ■ , 
22(35) :4159-4162 (1985) , Cormier and Ogilvie, Nlirl , ftC i ldf? Res , 
12(10) :4583-4594 (1988), PCT publication WO 94/06811. 

Other polynucleotide analogs of interest include compounds 
having silyl and acetamidate bridges in the backbone structure. 
Examples of how to make and use such compounds can be found, 
among other places in Gait et al., ,7 , Chem, SPC , Perkin Trans. 
1:1684 (1974), Mungali and Kaiser, J Org. Chem. 12(4) : 703 -706 
(1977), and Coull et al . , and IgxrahadxaP Lett, 22(7? =745-748 
(1987) . 

Polynucleotide analogs having morpholino- based backbone 
linkages have also been described. Information on how to make 
and use such nucleotide analogs can be found in. among other 
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places. United States Patent Nos. 5,034,506, 5,235,033, 
5,034,506, 5,185,444. 

Polynucleotide analogs having various anine. peptide, and 
other achiral and/or neutral linkages have been described- 
Caulf ield et al . . Bioprganic j I|r|] 
1<12> = 2771 - 2 77 S ( l 993) . Master et al.. Blsaataais , ^ 
Shffl11 ' Tfrr " ^' 3 > : "5-3 98 , 1994 , ; taam rh .. Tnf M 
aiC2> =22 6 -22 9 ,i,m». United States Patent No. ,.„,.,„, and 
United States Patent No. 5,142,047. 

Polynucleotides having thioether and other sulfur linkages 

between subunits are described in, among other places Schneider 

and Brenner, Tstrah^On Tm , 31(3) : 335-338 (1990,, Huang et 

al., J . Qrq , rhrm .. ££=3869-3882 (1991); Musicki and Widlanski 

Ifctr i .hH . rnn r,rrr ., 12(10) :1267-1270 (1991) ; Huang and Widlanski 

letrahrdron T,rrf ., ^(19) :2657-2660 (1992); and Reynolds et al 

J ' ^ Phfm ^=2983-2985 (1992). and PCT publication WO 
91/15500. 

Other polynucleotide analogs of interest include peptide 
nucleic acids (PNAs) and related polynucleotide analogs A 
description of how to make and use peptide nucleic acids can be 
found in, among other places, Buchardt ec al.. Tr^nri. ^ 
B i pt l f>rh ' 11 {1993 > and PCT publication WO 93/12129. 

Other oligomers for use in anti-sense inhibition have been 
described in Thuong et al., Prpc , Nflf1 ^ ^ ■ # M:5129 . 5133 
(1987), united States Patent No. 5,217,866, Lamond, Bioch.n, 

SQC . TrnmnrMnrn . 21:1-8 (1993) (2- -O-alkyloligoribonucleo- 

tides), ono et al., Sipconiuaarf. CiiemiaLxy 1:499-508 (1993) 
(2'-deoxyuridine analogs carrying an amino linker at the 1 • - 

position of deoxyribose) . Kawasai et al . , J. m.h ^ :83l . 

841 (1993, <2--deoxy- 2 .-fluoro phosphorothioate oligonucleo- 
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tides), PCT publication WO 93/23570, Augustyns et al., ffiic2- 
teidS R^ -. 21(20) =4670-4676 (1993). 

Additionally, oligomers may be further modified so as to 
increase the stability of duplexes and/or increase cellular 
uptake. Examples of such modifications can be found in PCT 
publication WO 93/24507 entitled "Conformational^ Restrained 
Oligomers Containing Amide or Carbamate Linkages for Sequence- 
Specific Binding," Nielsen et al., Szisnzz, 25J.: 1497-1500 
(1991) . PCT publication WO 92/05186 entitled "Modified Internu- 
cleoside Linkages," PCT publication WO 91/06629, filed October 
24, 1990 and United States Patent 5,264.562 filed April 24. 
1991, both of which are entitled "Oligonucleotide Analogs with 
Novel Linkages," PCT publication WO 91/13080 entitled "Pseudo- 
nucleosides and Psuedonucleotides and their Polymers," PCT 
publication WO 91/06556 entitled «2' -Modified Oligonucleotides," 
PCT publication WO 90/15065 filed on 5 June 1990 entitled 
"Exonuclease Resistant Oligonucleotides and Methods for 
Preparing the Same." and United States Patent No. 5,256,775. 

The oligomers of the invention comprise various nucleic 
acid bases. In addition to nucleic acid bases found to occur 
naturally in DNA or RNA, e.g., cytosine, adenine, guanine, 
thymidine, uracil, and hypoxanthine . the oligomers of the 
invention may comprise one or more nucleic acid bases that are 
synthetic analogs of naturally occurring acid bases. Such non- 
naturally occurring heterocyclic bases include, but are not 
limited to, aza and deaza pyrimidine analogs, aza and deaza 
purine analogs as well as other heterocyclic base analogs, 
wherein one or more of the carbon and nitrogen atoms of the 
purine and pyrimidine rings have been substituted by 
neteroatoms, e.g., oxygen, sulfur, selenium, phosphorus, and the 
like Preferred base moieties are those bases that may be 
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incorporated into one strand of double -stranded polynucleotides 
so as to maintain a base pairing structural relationship with a 
naturally occurring base on the complementary strand at the 
double- stranded polynucleotide. 

The invention provides many methods of treating a variety 
of immune disorders. The terms "treatment" or "treating" as 
used herein with reference to a disease refers both to prophy- 
laxis and to the amelioration of symptoms already present in an 
individual. It will be appreciated by the person of ordinary 
skill in the art that a treatment need not be completely 
effective in preventing the onset of a disease or in reducing 
the symptoms associated with the disease. Any reduction of the 
severity of symptoms, delay in the onset of symptoms, or delay 
in the progression of severity of symptoms is desirable to a 
patient. Immune disorders that can be treated by the methods of 
the invention include the diseases in which CD28 expressing T 
cells mediate or contribute to an undesired idiopathic effect. 
Inhibition of CD28 expression results in the decrease of 
expression of cytokines normally produced by activated CD28* T 
cell, such cytokines include interleukin-2 , interferon gamma, 
and interleukin-8 . Accordingly, the methods of the invention 
include, but are not limited to, methods of treating diseases in 
which pathogenesis is mediated through interleukin-2, 
interferon-gamma, interleukin-8, or a combination thereof, 
whereby a T cell mediated immune response is interrupted or 
reduced. Examples of immune disorders that may be treated by 
administering the subject oligomers to a patient include organ 
transplantation rejection, septic shock, tumor-induced cachexia, 
and numerous auto- immune diseases. Autoimmune diseases that may 
be treated by the subject methods include diseases that are 
mediated by aberrant T cell activation including Type I 
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(insulin -dependent) diabetes, thyroiditis, sarcoidosis, multiple 
sclerosis, autoimmune uveitis, ulcerative colitis, aplastic 
anemia, systemic lupus erythematosus, rheumatoid arthritis, 
parasite induced inflammation and granulomas, Crohn's disease, 
psoriasis, polymyositis, dermatomyositis , scleroderma, 
vasculitides, psoriatic arthritis, Graves disease, myasthenia 
gravis, autoimmune hepatobiliary disease, and the like. 
Additionally, the methods and compositions of the invention 
provide for the treatment of a variety of syndromes, including 
septic shock and tumor- induced cachexia, in which the pathogenic 
effects are mediated, at least in part, by the lymphokine 
secreted from activated CD28* T cells. 

The disease treatment methods of the invention comprise the 
steps of administering an effective amount of the subject 
oligomers to a patient. The precise dosage, i.e., effective 
amount, of CD28 -specif ic oligomer to be administered to a 
patient will vary with numerous factors such as the specific 
disease to be treated, the precise oligomer (or oligomers) in 
the therapeutic composition, the age and condition of the 
patent, and the like. Protocols for determining suitable 
pharmaceutical dosages are well known to those of ordinary skill 
in the art and can be found, among other places, in Remington's 
Pharmaceutical Science (latest edition) , Mack Publishing 
Company, Easton, Pa., and the like. 

In addition to administering the CD28 targeted oligomers 
directly to a patient, the invention contemplates methods of 
treatment in which CD28' cells (or cells having the potential to 
express CD28) are removed from a patient (with or without other 
cells) and transformed with one or more different oligomers of 
the invention. Transformation may be by any of a variety of 
means well known to the person skilled in the arc , e.g., 
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electroporation, cationic lipids such as DOTMA or DOSPA, and the 
like. Transformed cells may then be reintroduced into the body. 

Another aspect of the invention is to provide methods of 
treating immune disorder by means of administering CD28-specif ic 
oligomers, wherein the oligomers are produced intracellular^ 
through recombinant polynucleotide expression vectors, 
intracellularly-produced CD28-specif ic oligomers are necessarily 
RNA or DNA molecules . Recombinant polynucleotide vectors for 
the expression of polynucleotide sequences of interest are well 
known to the person of ordinary skill in the art of molecular 
biology. Detailed descriptions of recombinant vectors for the 
expression of polynucleotides of interest can be found in, among 
other places, "Somatic Gene Therapy," ed. P. L. Chang, CRC 
Press, Boca Raton (1995), R. C . Mulligan, ScifirK 7f , 2^:926-932 
(1993), F. W. Anderson, Science, 2££:808-873 (1992), Culver et 
al., Hum. fimr Thf»r -, 2:107-109 (1991), and the like. Suitable 
recombinant vectors for use in the subject methods of treating 
immune disorders through genetic engineering are either able to 
integrate into the genome of T cells or replicate in the 
cytoplasm of T cells. CD28-specif ic oligomers for use in 
intracellular administration are preferably significantly longer 
than CD28-specific oligomers for extracellular administration. 
In a preferred embodiment of the subject methods of 
intracellular CD28 administration, the CD28-specif ic oligomer is 
complementary to one or more entire CD28 transcripts or the 
entire CD28 gene; however, suitable intracellularly-produced 
CD28- specific oligomers may be considerably shorter in length. 
Unlike extracelluiarly-administered CD28-specif ic oligomers, 
CD28-specific oligomers do not present problems with 
intracellular uptake or hydrolysis by extracellular enzymes. 
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The subject methods of using intracellular CD28-specif ic 
oligomers may involve administering CD28-specif ic oligomer- 
encoding recombinant vectors directly to a patient. 
Alternatively, CD28-specif ic oligomer-producing vectors may be 
administered directly to cells that have been removed from a 
patient (i.e., stem cells, T cells, whole blood, marrow, etc.), 
whereby transformed cells are produced. The transformed cells 
may be subsequently be reintroduced into a patient. 

The invention also specifically provides for expression 
vectors capable of expressing one or more of the oligomers of 
the invention. Generally, such expression vectors comprise, in 
operable combination, a promoter and a polynucleotide sequence 
encoding an oligomer capable of inhibiting the expression of 
CD28 in a T cell. Although many different promoters may be used 
in the vectors of the invention, preferred promoters are capable 
of driving the high level expression in T cells. The expression 
vectors of the invention may also comprise various regulatory 
sequences. Currently available expression vectors, especially 
those vectors explicitly designed for gene therapy, may readily 
be adapted for the expression of CD28-targeted oligomers of the 
invention. The vectors may be adapted for the expression of 
CD28 -targeted oligomers using conventional genetic engineering 
techniques such as those described in Sambrook et al . , Molecular 
pinning . 2nd Ed.. Cold Spring Harbor Press, Cold Spring Harbor, 

N.Y. (1989). 

Another aspect of the invention is to provide 
pharmaceutical formulations for the administration of the 
oligomers of the invention so as to effect the treatment of 
immune system-mediated diseases. These pharmaceutical for- 
mulations may be readily produced by the person of ordinary 
skill in the art of pharmaceutical science.' Such formulations 
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comprise one or more of the oligomers of the invention; however, 
in embodiments of the invention comprising more than one 
different types of oligomers, the oligomers are preferably 
selected so as to not be able to hybridize with one another. 
The pharmaceutical formulations of the invention may be adapted 
for administration to the body in a number of ways suitable for 
the selected method of administration, including orally, 
intravenously, intramuscularly, intraperitoneal^, topically, 
and the like. In addition to comprising one or more different 
oligomers of the invention, the subject pharmaceutical 
formulations may comprise one or more non-biologically active 
compounds, i.e., excipients, such as stabilizers (to promote 
long term storage), emulsifiers, binding agents, thickening 
agents, salts, preservatives, and the like. 

Formulations for parenteral administration may include 
sterile aqueous solutions, which may also contain buffers, 
diluents, and other suitable additives. Pharmaceutical 
formulations of the invention may be designed to promote the 
cellular uptake of the oligomers in the composition, e.g.. the 
oligomers may be encapsulated in suitable liposomes. 

Pharmaceutical formulations for topical administration are 
especially useful for localized treatment. Formulations for 
topical treatment included ointments, sprays, gels, suspensions, 
lotions, creams, and the like. Formulations for topical 
administration may include, in addition to the subject 
oligomers, known carrier materials such as isopropanol, 
glycerol, paraffin, stearyl alcohol, polyethylene glycol, etc. 
The pharmaceutically acceptable carrier may also include a known 
chemical absorption promoter. Examples of absorption promoters 
are e.g., dimethylacetamide (United States Patent 
No. 3,472,931), trichloro-ethanol or trif luoroethanol (United 
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States Patent No, 3,891,757), certain alcohols and mixtures 
thereof (British Patent No. 1,001,949), and British patent 
specification No. 1,464,975. 

In addition to the therapeutic uses of the subject 
oligomers, the oligomers may also be used as an analytical 
laboratory tool for the study of T cell activation. T cells 
have several surface receptors in addition to CD28 and the 
antigen specific T cell receptors. Difficulties arise in 
studying the individual biological properties of selected 
receptors because of potential and actual interactions between 
multiple receptor-mediated pathways. By providing a mechanism 

for decreasing CD28 expression in T cells, the oligomers and 
methods of the invention also provide useful laboratory methods 

for studying T cell behavior independently of the CD28 

activation pathway. 

The invention may be better understood by referring to the 

following examples. The following examples are offered for the 

purpose of illustrating the invention and should not be 

interpreted as a limitation of the invention. 

VI. EXAMPLES - SERIES 1 
Oligonucleotides 

Oligodeoxynucleotides were synthesized on an automated DNA 
synthesizer (Applied Biosystems model 394) using standard' 
phosphoramidite chemistry. (J-cyanoethylphosphoramidites, 
synthesis reagents and CPG polystyrene columns were purchased 
from Applied Biosystems {ABI , Foster City, CA) . 3 ' -AminoModi- 
fier C3 CPG columns were purchased from Glen Research (Sterling, 
VA) . For phosphorothioate oligonucleotides, the standard 
oxidation bottle was replaced with tetraethylthiuram 
disulfide/acetonitrile, and the standard ABI phosphorothioate 
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program was used for the stepwise addition of phosphorothioate 
Images. After cleavage from the controlled pore glass column, 
the protecting groups were removed by treating the oligonucleo- 
tides with concentrated ammonium hydroxide at 55'C for 8 hours 
The oligonucleotides were purified by HPLC using a reverse phase 
semiprep C8 column (ABI) . Following cleavage of the DMT 
protecting group, treatment with 80 % acetic acid and ethanol 
precipitation, the purity of the product was assessed by HPLC 
using an analytical C18 column (Beckman, Fullerton, CA) . All 
oligonucleotides of >90 % purity were lyophilized to dryness 
Oligonucleotides were reconstituted in sterile deionized water 
<ICN, Costa Mesa), adjusted to 400 M M following evaluation of 
OD260nm. aliquoted and stored at -20°C prior to experimentation 
in all cases, at least three batches of each oligonucleotide 
listed in Table 1 were used. 

Co ll linrB and t ™ii ™ith ^ r n t -j nn 

Peripheral blood mononuclear cells (PBMCs) were isolated 
from the buffy coat following Ficoll-Hypague density gradient 
centrifugation of 60 ml blood from healthy donors. T-cells were 
then purified from the PBMCs using Lymphokwik lymphocyte 
isolation reagent specific for T-cells (LK-25T, One Lambda, 
Canoga Park CA, . An average yield of 40 - 60 x 10* T-cells were 
then incubated overnight at 37°c in 20 - 30 ml RPMI-AP5 
(RPMI-1640 medium (ICN, Costa Mesa, CA, containing 20 M M HEPES 
buffer, P H 7.4. 5% autologous plasma, 1 % L-glutamine, l % 
penicillin/streptomycin and 0.05% 2-mercaptoethanol, to remove 
any contaminating adherent cells, m all experiments, T-cells 
were washed with RPMI-AP5 and then plated on 96-well microtitre 
plates at a cell concentration of 2 - 3 x io< cells/ml. 
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The T-cell lymphoma cell lines, Jurkat E6-1 (CD28+/CD4+) 
cells (152-TIB) and HUT 78 (CD28-/CD4+) cells (TIB-161) (ATCC, 
Rockville, MD) were maintained in RPMI-10 (RPMI-164 0 medium con- 
taining 20 fiM HEPES buffer, pH 7.4, 10 % fetal calf serum (FCS) 
(Hyclone, Logan, UT) , 1 % L-glutamine and 1 % penicillin/strep- 
tomycin) . 

Mi tooen- induced T-cell activation 
and oligonucleotide treatment 

Prior to the addition of human peripheral T-cells or T-cell 
lymphoma cell lines (0.2 - 0.3 x 10 6 ) , duplicate 96-well 
microtitre plates were pre-coated with purified anti-CD3 
monoclonal antibody (mAb) (6.25 - 200 ng/well) (clone HIT 3a, 
Pharmingen, San Diego, CA) and washed twice with cold 
phosphate-buffered saline, pH 7.4 (PBS). Anti-CD3 mAb-treated 
T-cells were further activated by the addition of 2 ng phorbol 
12-myristate 13-acetate (PMA) (Calbiochem, La Jolla, CA) and 
incubated for 48 h at 37°C. Anti-CD3/PMA-activated T-cells were 
treated with 1 - 20 /iM CD28-specif ic and control oligonucleo- 
tides immediately following activation and re- treated 24 h 
later. T-cells from one duplicate plate was used for immunoflu- 
orescence analysis and the supernatants used for cytokine 
studies and the second plate was used for T-cell proliferation 
analysis. 

Ttmm UmfT»uorescence studies. 

Following activation, 150 ml cell supernatant from the 
first duplicate microplate was transferred to another microplate 
for analysis of cell -derived cytokine production. The remaining 
cells were washed twice with isotonic saline solution, pH 7.4 


SUBSTITUTE SHEET (RULE 26) 


WO 96/24380 PCT/US96/01507 

- 32 - 

(Becton Dickinson, Mansfield, MA) and resuspended in 50 ml 
isotonic saline solution and split into two samples. One sample 
aliquot was co-stained with either PE-CD28/FITC-CD4 or 
PE-CD54/FITC-CD25 mAb and non-specific fluorescence was assessed 
by staining the second aliquot with PE/FITC- labeled 
isotype -matched control monoclonal antibody. All 
fluorescence-labeled monoclonal antibodies were obtained from 
Becton Dickinson (San Jose, CA) . Incubations were performed in 
the dark at 4°C for 45 min using saturating mAb concentrations. 
Unincorporated label was removed by washing in PBS prior to the 
analysis with a FACScan flow cytometer (Becton Dickinson) . 
Antigen density was indirectly determined in gated live cells 
and expressed as the mean channel of fluorescence (MCF) . 
Surface expression of specific antigens (CD54, CD25) was repre- 
sented as the mean channel shift (MCS) obtained by subtracting 
the MCF of FITC- or PE- labeled isotype -matched (IgGl) control 
mAb-stained cells from the MCF of FITC- or PE-labeled 
antigen-specific mAb stained cells. Alternatively, surface 
expression of the CD4*-subset of cells stained with CD28 mAb was 
determined by subtracting the MCF of CD28* CD4* from the MCF of 
CD28* CD4" cells. The viability of control untreated and oligo- 
nucleotide- treated cells were determined in each batch of all 
oligonucleotides in multiple donors by staining with the vital 
dye, propidium iodide (5 /xg/ml final concentration) . The 
percentage of live cells which excluded propidium iodide was 
determined by flow cytometry and was > 90 % (range 90 - 99 %) 
following treatment with all batches of all oligonucleotides at 
a dose range of 1 - 20 (iM (Figure 2) . 
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Cytokine m>»1vh>«. 

Cell-derived human cytokine concentrations were determined 
in cell supematants from the first duplicate microplate. 
Mitogen- induced changes in interleukin-2 (il-2) levels were 
determined using a commercially available ELISA kit (R & D 
systems Quantikine kit, Minneapolis, MN) or by bioassay using 
the IL-2-dependent cell line, CTLL-2 (ATCC, Rockville, MD) . 
Mitogen- induced changes in interferon- gamma and interleukin-8 
(IL-8) levels were determined by ELISA using kits from Endogen 
(Cambridge, MA) and R&D systems (Quantikine kit. Minneapolis 
MN) respectively. All ELISA results were expressed as pg/ml and 
the CTLL-2 bioassay as counts per minute representing the 
IL-2-dependent cellular incorporation of >H-thymidine (ICN, Costa 
Mesa, CA) by CTLL-2 cells. 

T-cel3 nrolif^afti pn aaaay 

The second duplicate microplate in all experiments were 
analyzed for changes in mitogen- induced T-cell proliferation. 
72h following anti-CD3/PMA activation and in the absence or 
presence of oligonucleotides, cells were pulsed with l M ci 
3 H-thymidine (ICN, Costa Mesa, CA) and incubated overnight at 
37-C. Mitogen- induced cell growth, as assessed by incorporation 
of radioactive label, was determined by harvesting the cells and 
scintillation counting on a Wallac Betaplate counter (Wallac, 
Gaithersburg, MD) . 

Inhib i tion of CD2R pynr fiH „^ n <n aetH ^ t imi 
human T-rrlls bv CT)2*-*r>» e ifin ^ igr n u e1 ^ MT iffT 

Anti-CD3/PMA treatment of human T-cells increased the 
surface expression of CD28 (using immunofluorescence analysis) 
from a MCS of 122 ± 7.74 in resting T-cells to a MCS of 150 .9.27 
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(n = 9) - The difference in CD28 expression in resting and 
activated T-cells is defined as mitogen- induced CD28 expression 
(Figure 3A) . Figure 3B and 3C shows the treatment of 
anti-CD3/PMA-activated T-cells with phosphorothioate (denoted as 
S-oligomers, Figure SB) and phosphorothioate- 3 ' amine (denoted 
as A-oligomers, Figure 3C> forms of CD28-specif ic and control 
oligonucleotides in 2 donors and with 2 separate batches of each 
oligonucleotide. Of the four candidate oligonucleotides, RT01 - 
RT04, (Table 1), in the dose range 2 - 10 fiM, both 
phosphorothioate and phosphorothioate- 3 • amine forms of RT03 and 
RT04 were the most active inhibitors of mitogen- induced CD28 
expression, both inhibiting induced CD28 expression by greater 
than 50% (IC 50 ) at 5 ^ or less. These two oligonucleotides, 
which differ in length, were designed to hybridize with a 
stretch of double-stranded DNA, 5- upstream of the transcription 
initiation site of the CD28 gene. No similar dose -dependent 
inhibition of mitogen-induced CD28 expression was observed with 
the control oligonucleotides, RTC01 (SEQ ID NO: 5) - RTC06 (SEQ 
ID NO: 10) (Table 1) - All experiments were performed on at 
least three batches of each oligonucleotide using T-cells from 7 
donors. The fact that oligonucleotide regulation of CD28 
expression was demonstrable in human T-cells is critical because 
peripheral, epidermal and dermal T-lymphocytes are the intended 
target of CD28 -specif ic oligonucleotides. 

Inhibition oi mitogen -lT"fogfii T-gell 
B raUfsrafcia n toe CPlfi^ragUifi oUnrnn i filirtttM 

The mitogenic effect of anti-CD3/PMA treatment was 
demonstrable by the augmented proliferation observed following 
the activation of resting T-cells. The incorporation of 
^-thymidine, represented as counts per minute, was 301641 ± 
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47856 (n = 9) in activated T-cells and 650 ± 566 (n = 9) in 
resting T-cells. The effect of anti-CD3 and PMA on T-cell 
proliferation are synergistic as shown in Figure 4A. Figure 4B 
shows a representative experiment of the effect of CD28-specif ic 
and control phosphorothioate oligonucleotides on 
ant i-CD3 /PMA- activated T-cell proliferation. In at least seven 
separate experiments, all in the dose range 2-10 /*M, both 
phosphorothioate (data not shown) and phosphorothioate- 3 1 amine 
(Figure 4B) forms of RT03 and RT04 were the most active 
inhibitors of mitogen- induced T-cell proliferation, inhibiting 
T-cell proliferation by up to 45%. No similar dose -dependent 
inhibition of mitogen- induced T-cell proliferation was observed 
with the control oligonucleotides, RTCOl (SEQ ID NO: 6) - RTC06 
(SEQ ID NO: 10). Here, treatment with CD28-specif ic oligo- 
nucleotides, RT03 and RT04, could reverse the hyperprolif eration 
of activated T-cells thus demonstrating that regulation of the 
CD28 pathway had a significant effect on one vital biological 
function of T-cell activation, T-cell proliferation. 

Inhibition of activated T-cell -derived cvtofcin* 
Production bv CD28-specif ic oligonu cleotide!* 

Activated T-cells produce a variety of immunomodulatory 
cytokines including IL-2, interferon-gamma and IL-8. CD28 
-inducible restriction elements for IL-2 and IL-8 have been 
demonstrated in the promoter sequences for both genes and have 
subsequently been shown to be regulated by the CD28 pathway 
(Fraser et al . , (1991) Science 251:313-316, Seder et al . , (1994) 
J Exp Med 179:299-304). Interferon-gamma also has been shown to 
be regulated by the CD28 pathway (Wechsler et al., J , Immunol , . 
151:2515-2523 (1994)). Ant i - CD3 / PMA treatment of resting 
T-cells dramatically increased the T-cell -derived levels of all 
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three cytokines (Figures 5A, 6A and 7A) . Figure 5, 6 and 7 res- 
pectively depict the effect of phosphorothioate (B) and 
phosphorothioate-3' amine ® versions of CD28-specif ic and 
control oligonucleotides on IL-2, interferon -gamma, and IL-8 
production in activated T-cells from the same representative 
donor. The CD2 8 -specific oligonucleotides, RT03 {SEQ ID NO: 3) 
and RT04 (SEQ ID NO: 4) but not the control oligonucleotides, 
RTC01 (SEQ ID NO: 5)- RTC06 (SEQ ID NO: 10) (data not shown)), 
inhibited mitogen- induced IL-2, interferon -gamma, and IL-8 
production in activated T-cells in a dose -dependent manner. 
Both phosphorothioate (IC 50 5 jzM) and phosphorothioate-3 1 amine 
(IC 50 10 /zM) forms of the CD28-specif ic oligonucleotides were 
equally active in the dose range 2 - 10 pM. Similar results for 
all three cytokines were seen with 4 or more different donors. 
These observations demonstrate that CD28-specif ic oligonucleo- 
tides were also capable of regulating multiple effector 
molecules of the CD28 pathway of T-cell activation. 

Specific ity of oligonucleotide inhibition of CD2B expression. 

The specificity of the CD28-specif ic oligonucleotides, RT03 
and RT04 was evaluated by three methods. 

(1) CD2 8 -independent T-cell activation markers. 

The first method was to determine whether these CD28- 
specific oligonucleotides were able to inhibit the expression of 
other human T-cell activation markers which act independently of 
the CD28 costimulatory pathway. Activation of resting T-cells 
significantly increases the expression of both the IL-2 receptor 
(CD25) and the intracellular adhesion molecule, ICAM-1 (CD54) . 
However, both these accessory molecules are regulated 
independently of the CD28 pathway (June et al . , Mol . Cell Biol . , 
2:4472-4481 (1987), Damle et al., J. Immunol.. i£2:2541 (1992)). 
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Figure 8 shows the effect of CD28-specif ic and control oligo- 
nucleotides on CD25 (Figure 8A) and CD54 (Figure SB) expression 
in mitogen- activated T-cells. No significant decrease in the 
activated T-cell expression of both CD25 and CD54 were observed 
following treatment with all CD28- specific and control oligo- 
nucleotides in the dose range 2 - io M M. This clearly 
demonstrates the specificity of the CD28-specif ic oligonucleo- 
tides in inhibiting expression of their target protein. 
(2) CD28-negative T-cell line. HUT 78 

The second method was to demonstrate that the CD28 pathway 
was really the target for CD28-specif ic oligonucleotides by 
comparing mitogen -induced IL-2 production in a CD28 + , T-cell 
leukemia cell line, Jurkat E6-1 and a CD28-. T-cell lymphoma 
cell line, HOT 78. Figure 9A confirms the absence of CD28 
expression in both resting and activated HUT 78 cells whereas 
constitutive levels of CD28 increases upon activation in Jurkat 
E6-1 cells (Figure 9B) . m CD28+ Jurkat E6-1 cells, 
CD28-specific but not control oligonucleotides were able to 
inhibit mitogen- induced CD28 expression (Figure 9C) and also 
mitogen-induced IL-2 production (Figure 10B) . m contrast, in 
CD26- HUT 78 cells, mitogen-induced IL-2 production was not 
affected by CD28 -specif ic and control oligonucleotides (Figure 
10A) . This clearly demonstrates the specificity of these oligo- 
nucleotides to inhibit only CD28 -regulated IL-2 production. 
(3) Specific activation of CD28 pathway 
The third method was to activate resting T-cells specif- 
ically via the CD28 pathway using anti-CD28 monoclonal antibody 
in combination with mitogens (anti-CD3/PMA) using identical 
protocols to those used in activating T-cells with mitogens 
alone. Anti-CD28 mAb in combination with PMA or anti-CD3 mAb 
has been previously shown to provide the costimulatory signal to 
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resting T-cells and promote only CD2 8 -dependent and not 
TCR-dependent augmentation of T-cell proliferation and cytokine 
production (June et al., (1987) MoT . Call Biol - . 2:4472-4481). 
Phosphorothioate and phosphorothioate-3 ■ amine versions of 
CD28 -specific but not control oligonucleotides were able to 
inhibit CD28-dependent activation of IL-2, IL-8 and interferon- 
gamma production and T-cell proliferation in 
anti-CD28/mitogen-activated resting T-cells (data not shown) . 
This clearly demonstrates that only the CD28-specif ic oligo- 
nucleotides act only on the CD28 pathway of T-cell activation. 

VII. mMPT-* fi - SERIES 2 

aiigaansJ ftg&iflflfl 

Oligonucleotides were synthesized with an Applied Bio- 
systems 394 DNA synthesizer. Phosphorothioate linkages were 
introduced after the standard oxidation bottle was replaced with 
tetraethylthiuram disulf ide/acetonitrile . The purity of the 
oligonucleotides was assessed by analytical HPLC. All oligo- 
nucleotides of >90 % purity were lyophilized to dryness and 
reconstituted in water (400 pM) . At least three batches of each 
oligomer listed in Tables 3 and 5 were used. 5' labeling of 
oligonucleotides was achieved using T4 polynucleotide kinase and 

"P-vATP. 

T rrll iirrlTnriiffl asufliaa 

Peripheral blood mononuclear cells (PBMCs) were isolated 
from healthy donors by density gradient centrifugation followed 
by T cell enrichment using Lymphokwik (One Lambda) . 
Contaminating monocytes were removed by adherence to plastic. 
Purified T cells were > 99% CD2* , «1% HLA-DR* and < 5 % CD25'. 
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Jurkat E6-1 (CD28*/CD4*) T cells and HUT 78 (CD28 */CD4*) T cells 
and the monocytic cell line, THP were obtained from ATCC. Cells 
were cultured at a concentration of 0.2 - 0.3 x 10 6 /well and 
activated with plate -immobilized anti-CD3 monoclonal antibody 
(mAb) (HIT3A 0.25 ng/ml) (Pharmingen) and 2 ng phorbol 
12 -myristate 13 -acetate (PMA) (Calbiochem) . 

TTmminnfluori.Hr.opee ntnfliftB 

Cells were co-stained with either PE-CD28/FITC-CD4 or 
PE-CD54/FITC-CD25 mAb or with PE/FITC- labeled isotype-matched 
controls (Becton Dickinson) . Cell surface antigen density 

(CD28, CD54, CD25) was confirmed by flow cytometry (FACScan, 
Becton Dickinson) . Viability was assessed by propidium iodide 

(5 M g/ml) exclusion in control untreated and oligo- treated CD4* 
cells from multiple donors and was typically > 90 % (range 90 - 
99 %) following 48h incubation with 1 - 10 M M of each batch of 
all oligonucleotides. 

Pro li feration and cvtokin* »ffnn Y n 

Proliferative responses were assessed by measuring 3 H 
-thymidine (i M Ci, ICN) incorporation for the last 16h of each 
assay. Cells were harvested onto filters and DNA synthesis was 
measured following scintillation counting on a Wallac Betaplate 
counter. Cytokine concentrations in culture supematants were 
assayed using EL ISA kits for IL-2, IL-8 (R & D Systems) and IFN- 
Y (Endogen) or by bioassay using the IL-2 -dependent cell line, 
CTLL-2 (ATCC) . 

RT-PCR and SgUthfi m Analvnia 

Total cellular RNA was extracted using Trizol reagent 
(GIBCO/BRL) . The cDNA synthesis reaction (Promega) was 
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performed using oligomer (dT) 15 primer and AMV reverse 
transcriptase (H. C). The PCR reaction (GeneAmp PCR kit, 
Perkin-Elmer Cetus) consisted of 50 nl mixture containing 3 /il 
of cDNA, dNTPs (each at 200 fM) , 0.5 fiM of each primer and 1 
unit of Taq polymerase. The primers used were as follows :CD28, 
5 ' -CTGCTCTTGGCTCTCAACTT-3 ' (sense) and 5' AAGCTATAGCAA GCCAGGAC - 
3' (antisense) , interleukin-2 receptor p55 alpha chain primers 
(Stratagene) and pHE7 ribosomal gene. Kao, H.-T., Nevins, J. R. 
{1983 ) m -| rol ^ . Biol . 3, 2058-2065 Amplification conditions 
were 4 5 sec at 94°C, 1 min at 57°C and 2 min at 72°C for 35 
cycles, followed by 8 min at 72°C. PCR products were separated 
on 2% agarose, transferred to Hybond N+ membrane (Amersham) in 
20 X SSC overnight and immobilized using 0.4 M NaOH. Blots were 
hybridized with "P-vATP labeled oligonucleotide probes. Washed 
blots were then analyzed using Phosphor Imager . 

MT.tt and q n»»r.<-4 aen -HPecifiC T Cell aBBftYB 

For MLR responses, PBMCs were cultured (1:1) with mitomycin 
C-treated (50 ng/ml) PBMCs from a HLA-disparate individual. In 
alloantigen-specific T cell assays, T cells isolated from PBMCs 
of tetanus -toxoid-primed healthy donors were cultured (1:1) with 
autologous mitomycin C-treated PBMCs in the presence of tetanus 
toxoid (2 ng/ml. List Biologicals) . In both assays, 2 x 10 s 
cells/well were cultured for 6 days at 37°C prior to further 
analysis. 

Tn vitro ^^micleoHrie BtabilUV Btu . fliCB 

Temporal oligonucleotide stability analyses were performed 
as described previously (Tarn, R. C. , Li, Y., Noonberg, S., 
Hwang, D. G. , Lui, G., Hunt, C. A., Garovoy, M. R. (1994) 
BUSifliS teidS Res. 22; 977-986) . Oligonucleotide degradation 
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profiles were assessed by electrophoresis and quantitated using 
Nickspin columns. 

I nhib i t i on of CP28 expreesion bv nh om h n r n fM rn te 0 n»»n 11r 1rr _ 
t i des in spec i f i c and affectw acti™^ t e «m ft^ rri nTli 

Figure 11 summarizes the effect of the phosphorothioate 
oligonucleotides from Table 3 on surface expression of accessory 
molecules and on cytokine secretion in activated T cells. The 
oligomers used were designed to hybridize to the 5' untranslated 
region (UT) of the CD28 gene, and were either antisense (AS) or 
G-rich sequences. Control oligomers were either sense strand 
(SS) or complementary strand (CS) sequences. 48h treatment of 
resting T cells (R) with anti-CD3 antibody and PMA augmented the 
expression (Ac) of the accessory molecules, CD28 (A) , CD25 (B) and 
CD54© and of the cytokines, IL-2 (D) , IFN Y (E) and IL-8(F) Data 
are presented as mean standard deviation of triplicate samples. 
The cumulative effect of two additions (0 and 24h) of 2 M M (||) , 
5^M(^) and lO^M (@) of the phosphorothioates from Table 3 on 
activation- induced T cell function was monitored by 
immunofluorescence analysis (accessory molecules) and by 
determination of secreted cytokine levels using CTLL-2 bioassay 
(IL-2) and ELISA (IFN Y , IL-8) . Surface antigen density (MCS) , in 
gated live CD4* cells was measured as the increase in mean 
channel of fluorescence compared to IgGl controls. In- 
dependent cellular incorporation of >H- thymidine was measured as 
counts per minute (cpm) and immunoreactive IFNy and IL-8 as 
pg/ml. The data shown, all derived from experiments performed 
on T cells isolated from a single donor, are representative of 
experiments from 9 separate donors. 

Table 3 . Phosphorothioate oligonucleotides 
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Oligo Sequence (5' to 3') Description SEQ ID 

NO 


RT01S 

TTG 

TGG 

TGA 

CGA 

TGG 

GCT 

A 

AS 5' UT 79-97 


42 

RT02S 

AGC 

AGC 

CTG 

AGC 

ATC 

TTT 

GT 

AS 5 UT 94 - 11 J 



RT03S 

TTG 

GAG 

GGG 

GTG 

GTG 

GGG 


G-rich 5' UT 58 

-75 

44 

RT04S 

GGG 

TTG 

GAG 

GGG 

GTG 

GTG 

GGG 

G-rich 5 ' UT 58 

-78 

45 

RTC01S 

TAG 

CCC 

ATC 

GTC 

AGG 

ACA 

A 

SS to RT01 


46 

RTC02S 

ACA 

AAG 

ATG 

CTC 

AGG 

CTG 

CT 

SS to RT02 


47 

RTC06S 

AAC 

CTC 

CCC 

CAC 

CAC 

CCC 


CS to RT03 


48 


The data demonstrates that selected phosphorothioate 
oligomers (Table 3) can specifically block activation- induced 
CD28 expression in CD4* T cells. In a representative donor 
(Figure 11A) , activation- induced CD28 expression but not IL-2 
receptor (CD25) or intracellular adhesion molecule-1 (ICAM-1 or 
CD54) expression, was inhibited in a dose -dependent manner by 
the phosphorothioate oligomers. RT03S (SEQ ID NO: 44) and RT04S 
(SEQ ID NO: 45) (IC S0 £ 5 fiK) . No similar inhibition was 
observed with the antisense oligomers, RT01S (SEQ ID NO: 42) or 
RT02S (SEQ ID NO: 43) or the control oligomers, RTC01S (SEQ ID 
NO: 46), RTC02S (SEQ ID NO: 47) and RTC06S (SEQ ID NO: 48). 
Furthermore, we provided evidence that the active oligomers 
modulated activation- induced CD28 by blocking transcription in 
activated human T cells. At 10 (iM, RT03S (SEQ ID NO: 44) and 
RT04S (SEQ ID NO: 45) but not a representative control oligo, 
RTC06S (SEQ ID NO: 48), reduced expression of activation- induced 
levels of CD28 but not IL-2 receptor mRNA (Figure 12) . 

Figure 12 'shows the effect of phosphorothioate oligonucleo- 
tides at 10 ^ on CD28 and CD25 mRNA levels. Resting (lane 1) 
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and ant i-CD3/PMA- activated (6h) levels of CD28 and CD25 mRNA, in 
the absence (lane 2) or presence of the oligonucleotides, RT03S 
(SEQ ID NO: 44) (lane 4), RTC06S {SEQ ID NO: 64) (lane 5) and 
RT03D (SEQ ID NO: 49) (lane S) were detected following RT-PCR of 
total cellular RNA and Southern analysis using specific, 
radiolabeled probes. The CD28 probe was derived from exon 2 
(5' -ACGGGGTTC AACTGTGATGGGAAATTGGGCAA-3 ' ) and for IL-2 receptor, 
the probe was generated from the original primer mix. Equivalent 
loading was assessed following hybridization with a probe 
generated from pHE7 sense primer. RNA from CD28-def icient HUT 
(7) and THP (8) cell lines were used as controls. The data shown 
are representative of 3 separate experiments. 

Thus the specific inhibition of CD28 mRNA levels by 
biologically active phosphorothioates paralleled their effect on 
CD28 surface protein. Moreover, active oligomers abrogated 
activation- induced T cell function, as RT03S (SEQ ID NO: 44) and 
RT04S (SEQ ID NO: 45) but not RT01S (SEQ ID NO: 42) or RT02S 
(SEQ ID NO: 43) or the control oligomers, RTC01S (SEQ ID NO: 
46), RTC02S (SEQ ID NO: 47) and RTC06S (SEQ ID NO: 48), markedly 
inhibited anti-CD3/PMA- induced synthesis of the cytokines, IL-2, 
IFNy and IL-8 by activated T cells (IC 5C n 5 *xM, range 2-10 pM) 
(Figure 11B) . 

As alternate costimulatory pathways can also induce 
lymphokine synthesis in activated T cells (Damle, N, K. , 
Klussman, K., Linsley, P.S., Aruffo, A. (1992) J. Immunol. 148, 
1985-1992) , i~ was important to determine whether the biological 
activity of RT03S (SEQ ID NO: 44) and RT04S (SEQ ID NO: 45) was 
specific to functional CD28 expression. Accordingly, we 
compared the effect of phosphorothioates on anti-CD3/PMA-induced 
IL-2 production in a CD28\ T cell leukemia cell line, Jurkat 
E6-1 and a CD28', T cell lymphoma cell line, HUT 78. As 


SUBSTITUTE SHEET (RULE 26) 


WO 96/24380 PCT/US96/01507 

- 44 - 

summarized in Figure 13, 48h treatment of resting cells (R) with 
anti-CD3 antibody and PMA increased CD28 expression (Ac) in 
Jurkat (A, right) but not HUT 78 (A, left) cells. However, 
activation augmented IL-2 production in Jurkat, (C left), and 
HUT 78 (D f left) cells. The active oligonucleotides, RT03S (SEQ 
ID NO: 44) and RT04S (SEQ ID NO: 45), at 1 jiM <Q 2 (M , 5 

MM (^|) and 10 (g|) inhibited CD28 expression (B) and IL-2 
levels (C, right) in activated Jurkat cells but had no effect on 
CD2 8 -independent IL-2 secretion in activated HUT 78 cells (D, 
right) . The data shown are representative of three separate 
experiments . 

In Figure 13A, immunocytof luorometric analysis confirmed 
the absence of CD28 expression in both resting and activated HUT 
78 cells, whereas constitutive levels of CD28 increased upon 
activation in Jurkat E6-1 cells. Furthermore, in Jurkat E6-1 
cells, RT03S (SEQ ID NO: 44) and RT04S (SEQ ID NO: 45) (range 1 
- 10/iM) significantly inhibited both activation- induced CD28 
expression (Figure 13B) and IL-2 production (Figure 13C) . In 
contrast, although activated HUT 78 cells produced similar 
levels cf IL-2, no comparable oligo- dependent inhibition of this 
lymphokine was observed (Figure 13D) . 

We also demonstrated that T cell activation (expression of 
CD28, IL-2, IL-8 and IFNy) directed by a specific anti-CD28 mAb 
in combination with anti-CD3, was blocked by biologically active 
phosphorothioate oligomers (data not shown) . Direct 
crosslinking of CD28 molecules has been previously shown to 
promote only CD2 8 -dependent and not TCR-dependent augmentation 
of T cell proliferation and cytokine production (June, C. H . , 
Ledbetter, J. A., Gillespie, M. M. , Lindsten, T., Thompson, C. 
B. (1987) Mr>~ . Cell Biol , 7. 4472-4481.). Taken together, our 
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data strongly suggests that bioactivity of the active oligomers 
was specific to the CD28 pathway of T cell activation. 

i nhib i t i on 9f T ceil rrolifem i vf r ^nnon in 

dependent T m il aBffnY ani rri^ry mo^Hn laBBhaffl ^ 

reaction bv phosphoroth-if^f, Q i< ? o T1UT7l eQt .^ t , n 

We next compared the efficacy of the CD28-specif ic oligo- 
nucleotides, RT03S (SEQ ID NO: 44) and RT04S (SEQ ID NO: 45) in 
blocking antigen-specific primary immune responses in vitro. In 
Figure 14, resting (A, B) and activated (E. F) levels of CD28 
are indicated for tetanus toxoid-specif ic T cell assay (top 
panel. A and S) and mixed lymphocyte reaction (bottom panel, E 
and F) . The percentage of CD4-, CD28-hi T cells is shown in the 
right-hand marker for A, B, E and F. Oligomer activity was 
assessed by the potential of two additions (0 and 96h) of 1 M M 
O 2 " M W- 5 m (^) and 10 fiM (@, phosphorothioate oligo- 
nucleotides from Table 1 to reduce the percentage of CD28-hi 
expressing T cells (C, G) and activated T cell proliferation (D, 
H) in each assay. Activation of T cells was induced in response 
to tetanus toxoid (top panel) or following stimulation of 
responder T cells (X) by mitomycin-C treated stimulator PBMCs 
(Y) (bottom panel) . These data are representative of three 
separate experiments. 

In Figure 14. using both tetanus toxoid-specif ic T cell 
assay (Figure 14B) and primary mixed lymphocyte reaction (Figure 
14F) , we observed the appearance of a subpopulation of 
activation- induced CD28-hi expressing T cells after the 6 day 
assay period. Addition of RT03S (SEQ ID NO: 44) and RT04S (SEQ 
ID NO: 45) (2 - io nM) resulted in a dose-related diminution of 
CD28-hi expression (Figs. 14C, 14G) and a corresponding decrease 
in tetanus toxoid-specif ic (Figure 14D) and responder cell 
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antigen- specific (Figure 14H) T cell proliferation. No similar 
effect was observed with RT01S (SEQ ID NO: 42) or the control 
oligomers, RTC01S (SEQ ID NO: 46), RTC02S (SEQ ID NO: 47) or 
RTC06S (SEQ ID NO: 48) . 

t» tt7 t rn oUTomigieo t iflp BtahiliJae extends the biolog i ca l 
Pfi-witv ^naah^^^ate oligonucleotides . 

It is known that modification of oligomers with phosphoro- 
thioate intemucleotide linkages can impart nuclease resistance 
and thus extend the in vitro bioactivity from 1 - 2h to 24h 
(Stein, C. A-, Cheng, Y. C. (1993) Science. 261. 1004-1012.). 
Table 4 shows the temporal effect of phosphorothioates . RT03S 
(SEQ ID NO: 44) and RTC06S (SEQ ID NO: 48) on surface CD28 
expression in the continued presence • or following removal of 
oligonucleotide from the extracellular milieu on day 2 (D) . 
Monitoring was performed by immunof luorocytometry . Results are 
expressed as the difference in surface antigen expression of 
activated T cells (MCF A ) and oligonucleotide-treated activated T 
cells (MCT X ) . CD28 expression in resting T cells on day 2 to 4 
was in the range 119 - 121. "ND" represents no distinguishable 
difference. 
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Table 4. Temporal activity of phosphorothioates following 
continuous or discontinuous oligonucleotide treatment 


Differential CD28 expression (MCF A - MCF X ) 


RT03S (SEQ ID 
NO: 44) 


RTC06S (SEQ ID 
NO: 47) 


Day 


MCF A 

0 

5 

10 

0 

5 

10 

2 


144 .8 

18.4 

8.9 

9.3 

1.9 

1.7 

ND 

3 

C 

135.6 

21.9 

15.9 

5.1 

ND 

ND 

3.2 

3 

D 

136.8 

18.3 

11.8 

7.1 

1.7 

3.8 

1 

4 

C 

128.9 

18.2 

9.7 

6.1 

ND 

ND 

ND 

4 

D 

130.1 

2.3 

ND 

ND 

ND 

ND 

ND 


As shown in Table 4, the duration of effect of RT03S (SEQ 
ID NO: 44) exceeded 24h and persisted through day 2, 3 and 4, 
relative to oligomer dose. However, upon removal of RT03S (SEQ 
ID NO: 44), from the extracellular milieu on day 2, the 
inhibitory activity remained for 24h and was then completely 
abolished within the next 24h. No oligomer activity was 
observed with a representative control oligo, RTC06S (SEQ ID NO: 
48) throughout the same time course. A similar phenomenon was 
observed with oligo-mediated inhibition of activated T cell 
proliferation (data not shown) . Increased bioavailability 
provided by phosphorothioate modification alone cannot account 
for the remarkably prolonged bioactivity of RT03S (SEQ ID NO: 
44). Therefore, we demonstrated that the extended duration of 
effect was associated with additional in vitro stability 
provided by the secondary structure of RT03S (SEQ ID NO: 44). 

Figure 15 summarizes test results on the in vitro stability 
of "P-labelec phosphorothioates. RT03S (SEQ ID NO: 44' and 
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RTC06S (SEQ ID NO: 48) in extracellular supernatants (top panel) 
and Jurkat cell lysates (bottom panel) . (A) Time -dependent 
degradation (0 - 96 h) of each oligonucleotide (2000 cpm) was 
assessed by electrophoresis on a 20% polyacrylamide denaturing 
gel followed by visualization using a Phosphorlmager . (B) The 
percentage of intact full length »P- RT03S (SEQ ID NO: 44) (o) 
and "P- RTC06S (SEQ ID NO: 48) (•) remaining at each time point, 
relative to t = 0, was determined in eluates from 10000 cpm of 
extracellular supernatants and cell lysates applied through 
Nickspin columns (Pharmacia) . Molecular weight standards (Std) , 
"P-dNTP (N) and free «P-orthophosphate (P) were simultaneously 
analyzed. 

In Figure 15A, the elect ropherograms clearly show that, for 
both extracellular supernatants (S) and cell lysates (L) , 
considerably more intact »P-labeled RT03S (SEQ ID NO: 44) than 
RTC06S (SEQ ID NO: 48) remained following a 96h incubation with 
Jurkat cells. Consistent with this observation are the Nickspin 
column data (Figure 15B) . Here, the percentage of intact 
oligomer recovered from RT03S (SEQ ID NO: 44) after 96h was 54% 
(S) and 59% (L) and from RTC06S (SEQ ID NO: 48) was 10% (S) and 
34% (L) . In addition, secondary structure alone is not 
sufficient to account for the increased nuclease resistance and 
duration of bioactivity of RT03S (SEQ ID NO: 44) as its 
phosphodiester counterpart, RT03D had little bioactivity (Table 
5) and from in vitro stability studies, only had a half-life of 
24h (data not shown) . 

Table 5. Identification of oligonucleotide sequence 
responsible for inhibition of CD28 expression and CD2 8 -dependent 
IL-2 production 
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Oligo 

RT03S (D) 

RT11S 

RT04S 

RT05S 

RT09S 

RT10S 

RT24S 

RT25S 

RT23S 

RT18S 

RT19S 

RTC07S 

RTC08S 

RT20S 

RT21S 

RT15S 
RT06S 
RTC06S 


* Relative inhibition of expression 
Sequence CD28 i L -2 SEQ ID 
NO: 


TTG GAG GGG G TG G TG GGG 

G2£_£AG G AG GGG CTG GAA 

GGG TTG GAG GGG G TG GT£ 
GGG 

TTG GAG GGG G AG G AG GGQ 
TTG GAG GGG GA G G TG GGG 
TTG GAG ££2_£TG G TG GCq 
TTG GAG £C£_STG GT G GCC 
TTG GAG 2£2_CTC Q TC GGG 
TTG GAG_CCS_STG GTG G 
GGG GTG GT£L_SS£ 
£_GSS T TG GGG 
T2_£GG 
S GGG 

CAC TGC GGG gA G GGC T££ 

GG 

AT£JGGG TGC ACA AAC TfiG 

ss 

AAC GTT G AG GGG CAT 
TTC CAG CCC CTC CTC CCC 
AAC CTC CCC CAC CAC CCC 


100(3) 
100 


100(44) 44(49) 


100 


50 


123 

100 

45 

136 

100 

51 

126 

100 

52 

31 

38 

53 

40 

57 

54 

44 

25 

55 

~» ft 

38 

57 

56 

101 

ton 

57 

30 

89 

58 

2 

2 

59 

2 

2 

60 

58 

76 

61 

51 

63 

62 

26 

52 

63 

29 

22 

64 

4 

2 

48 


In preparing the data for Table 5, the in vitro activity of 
phosphor ot hi oate oligonucleotides was determined by their 
ability to inhibit CD28 expression in anti-CD3/PMA-activated 
peripheral human T cells and their effect on activated IL-2 
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production in Jurkat T cells. Results are expressed relative to 
the activity of 5 fM RT03S (SEQ ID NO: 44) (100%) whose range of 
inhibition in 7 experiments was 52 - 79 % of CD28 expression 
and 76 - 89 % of IL-2 production. The values for the 
phosphodiester form of RT03D (SEQ ID NO: 49) are in parentheses. 

Tdanfcifi«7»«-ion o f minimal aermenee which confers biological 
aefcivitv in vitro 

Active phosphorothioate, RT03S (SEQ ID NO: 44), is an 18 
mer originally designed to hybridize to the 5' untranslated 
region of the human CD28 gene, and has a sequence containing two 
sets of contiguous four G's. To identify the sequence-related 
factors critical for inhibition of activation- induced CD28 
expression in human T cells and CD2 8 -dependent IL-2 production 
in Jurkat T cells, bases were selectively added, deleted or 
substituted from RT03S (SEQ ID NO: 44) and activity assessed 
relative to the parent oligomer (Table 5) . Addition of three 
G's at the 5' end (RT04S) or one or more changes of T to A in 
the region between both four G sequences (RT05S (SEQ ID NO: 51), 
RT09S (SEQ ID NO: 52)) did not reduce the inhibitory effect 
relative to RT03S (SEQ ID NO: 44) . Interestingly, the sense 
sequence (RT11S (SEQ ID NO: 50)) also showed no change in 
activity relative to RT03S (SEQ ID NO: 44). However, in 
contrast, deletion or replacement of one or more G's by cytosine 
(C) within both sets of four G's (RT10S (SEQ ID NO: 53), RT24S 
(SEQ ID NO: 54), RT25S (SEQ ID NO: 55). RT23S (SEQ ID NO: 56) 
(SEQ ID NO: 56)) resulted in a marked loss of activity relative 
to RT03S (SEQ ID NO: 44). Deletion of the six residues 5' of 
the first four G's in RT03S (SEQ ID NO: 44) had no effect on the 
inhibitory activity of the oligonucleotide (RT18S (SEQ ID NO: 
57)). In contrast, reducing (RT19S (SEQ ID NO: 58)) or 
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increasing (RT20S (SEQ ID NO: 61), RT21S (SEQ ID NO: 62)) the 
number of residues between both four G sequences dramatically 
reduced the inhibitory activity relative to RT03S (SEQ ID NO: 
44). TGGGG, GGGG or sequences containing 4 consecutive G's such 
as RT15S (SEQ ID NO: 63 had little or no inhibitory activity 
relative to RT03S (SEQ ID NO: 44) . These data demonstrated that 
the biological activity of RT03S (SEQ ID NO: 44) is dependent on 
a specific sequence motif comprised of 2 sets of 4 contiguous 
G's separated by 3 - 5 residues. 

in view of the tolerogenicity imparted by disrupting CD28 
function (Boussiotis, V. A. , Freeman, G. J., Gray, G. , Gribben, 
J., Nadler, L. M. (1993) J, E*P M-j. 178, 1753-1763.), it was 
important to examine whether oligo-mediated inhibition of CD28 
expression could provide a more effective strategy for inducing 
T cell anergy and alloantigen- specif ic tolerance in vitro. We 
showed that the phosphorothioate oligomers. RT03S (SEQ ID NO: 
44) and RT04S, inhibited ant 1-CD3/PMA- induced CD28 expression in 
human CD4* T cells by reducing both mRNA and mature protein 
levels relative to oligomer dose. Furthermore, in order to 
demonstrate target specificity, we examined oligo-mediated 
effects on IL-2 receptor and ICAM-1 expression: two accessory 
molecules known to be regulated independently of the CD2 8 
pathway (Damle, N. K. , et al . , (1992) J. T M ,mni i 48 , 
1985-1992; June, C.H. et al., (1987) Mol , r>n fliflj 7, 
4472-4481,- Stein, C. A., et al., Y.-C. (1993) Science 261, 
1004-1012; Boussiotis, V. A., et al . , (1993) J. Fvn m»h 178 , 
1753-1763). Correspondingly, both activated message and protein 
levels of CD25 and surface expression of CD54 were resistant to 
oligomer action. 

Costimulation via the CD28 pathway directly induces 
expression of immunomodulatory cytokines such as IL-2, IFN Y and 
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IL-8 in activated T cells (Fraser, J. D. , et al., (1991) Science 
251, 313-316 Jenkins, M. K. , et al., (1991) J , Immunol ■ 147, 
2461-2466; Seder, R. A., et al., (1994) J, EXP. Med, 179, 
299-304; Wechsler, A. S., et al . , (1994) J , Immunol, 153, 
2515-2523). For tolerogenicity to be successful, active 
CD28 -specif ic oligomers must abrogate this function. 
Administration of active oligomers resulted in concomitant 
modulation of activation- induced IL-2, IFNy and IL-8 production. 
To underscore the exquisite specificity of the active oligomers 
to inhibit CD2 8 -dependent functions, we showed that they were 
unable to prevent activation- induced IL-2 production in a 
CD2 8 -deficient cell line, HUT 78. Furthermore, maximal oligo-- 
mediated inhibition of IL-8 production in activated T cells 
never exceeded 50% suggesting that an alternative regulatory 
pathway driving CD2 8 -independent IL-8 production was preserved. 
Oligomer activity was not restricted to polyclonally activated T 
cells, as inhibition of activation- induced CD2 8 levels resulted 
in dramatically reduced T cell proliferation in both MLR and in 
tetanus -toxoid- specif ic T cell assays. Thus, our active 
oligomers mediated alloantigen-specif ic tolerance in vitro, and 
provide a promising alternative to the ligand capture strategy 
for inducing T cell hyporesponsiveness such as seen with CTLA 4 
Ig, a high affinity B7 binder (Tan, P., Anasetti, C, Hansen, J. 
A., Melrose, J., Brunvand, M. , Bradshaw, J. f Ledbetter, J. A., 
Linsley, P.S. (1993) J, Exp, Med, 177, 165-173.). 

In determining the duration of effect of the active 
pharmacophore, we observed that RT03S (SEQ ID NO: 44) showed 
surprisingly persistent inhibition of both activated CD28 
expression and 7D2 8 -dependent T cell proliferation, even 96h 
following oligomer treatment. Bioactivity was not related to 
toxicity as upon removal of oligomer complete reversal of 
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inhibitory activity occurred within 24h. Moreover, upon 
comparison of the phosphorothioates, RT03S (SEQ ID NO- 44) and 
RTC06S (SEQ ID NO: 48), our in vitro stability studies showed 
that secondary structure, mediated by the G-rich sequence in 
RT03S (SEQ ID NO: 44), increased two- to fourfold the nuclease 
resistance typically associated with phosphorothioates (Stein, 
C. A., Cheng, Y. C. (1993) Scjenrp 261, 1004-1012.). The 
extended half life (96h) of "P-RT03S (SEQ ID NO: 44) correlated 
with its duration of bioactivity. m addition, RT03D, the 
phosphodiester counterpart of RT03S (SEQ ID NO: 44), exhibited 
both reduced in vitro stability and bioactivity, an observation 
which is consistent with previous reports (Maltese, J.-y., 
Sharma, H. W. , Vassilev, L. , Narayanan, R. (1995) Burl^n'^H. 

23. 1146-1151). Therefore, stability imparted by secondary 
structure is not solely responsible for the increased 
bioactivity of RT03S (SEQ ID NO: 44). Thus the nuclease 
stability granted by both phosphorothioate modification and 
secondary structure may account for the prolonged inhibitory 
activity of RT03S (SEQ ID NO: 44). 

Single base pair substitution in hybridization-dependent, 
antisense and antigens models can virtually abolish activity 
(Maltese, J.-y., sharma, H. W. , Vassilev, L. , Narayanan, R. 
(1995) Nucleic Acids Res. 23, 1146-1151.). m contrast, 
activity of CD28-specific oligomers was only dramatically 
reduced if sequential substitution occurred within both sets of 
four G's implying defined structural requirement for oligomer 
function, m addition, following cationic stabilization (100 mM 
KC1 and NaCl) of the secondary structure present in RT03S (SEQ 
ID NO: 44), the oligomer melting curve showed a transition 
profile (data not shown) which is suggestive of G-quartet 
formation (Hardin, C. C, Watson, T. , Corregan, M. . Bailey, C. 
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(1992) aiflghsmia£X¥ 31, 833-841) . Taken together, our data 
provide evidence that this class of CD28-specif ic oligomers act 
via a hybridization- independent mechanism and that secondary 
structure of the sequence, possibly through G-quartet formation, 
delimits oligomer activity. Similarly, Bennett, C. F., Chiang, 
M. Y., Wilson-Lingardo, L. , Wyatt, J. R. (1994) Nucleic Acids 
Res , 22, 3202-3209, demonstrated that activity of their 
phosphorothioate oligomers was based on possible G-quartet 
formation in sequences containing two sets of three or more 
consecutive G and this suggested that oligo-mediated regulation 
of human phospholipase A. was through specific nucleic 
acid-protein interaction. 

Specific protein recognition by a range of G-quartet 
structures have been demonstrated in telomeres, centromeres 
(Blackburn, E. H. (1990) J, BloJL Chem. 265, 5919-5921), 
immunoglobulin switch regions (Shimizu, A., Honjo, T. (1984) 
Cell 36, 801-803) and a class of regulatory oligomers called 
aptamers (Bock. L. C, Griffin, L. C., Latham, J. A. , Vermaas, 

E. H. ( Toole, J. J- (1992) Halli££ 355, 564-566; Huizenga, D. E., 
Szostak, J. W. (1995) Biochemistry 34, 656-665; Bergan. R.. 
Connell, Y . , Fahmy, B . , Kyle, E. , Neckers, L. (1994) Nuc l e i c 
acirifi Res. 22, 2150-2154) . In our studies, oligomers capable of 
forming an intermolecular four stranded G-quartet structure from 
a set of four contiguous G's, such as those in telomeres (Smith, 

F. W., Feigon. J. (1992) Nature 356, 164-167), weakly inhibited 
CD28 expression. An example of this was RT15S (SEQ ID NO: 63, 
whose G-rich sequence was previously shown by others to inhibit 
c-myc expression (sequence 14 in Burgess, T. L . , Fisher, E. F., 
Ross, S. L. , Bready, Z. V., Qian, Y.-X., Bayewitch, L. A., 
Cohen, A. M. , Herrera, C. J., Hu, S. S.-F.. Kramer, T. B. , Lotc, 
F. D . , Martin, F. K . , Pierce. G. F . , Simonet, 1., Farrell, C. L. 
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(1995) PfgC . Natl . Acad , ffrj HSa 92, 4051-4055) . Another 
G-rich structure, the intramolecular G-quartet, has been shown 
to mediate aptameric inhibition of thrombin (Wang, K. y. 
McCurdy, S., Shea, R. G. , Swaminanthan, S., Bolton, P. h. (1993) 
B i PChfimiarry 32, 1989-1904; Macaya, R. f., Schultze, P., Smith, 
F. W., Roe, J. A., Feigon, J. (1993) Proc. n*m Af . fl ^ ^ ^ 
90, 3745-3749). Sequential analysis of RT03S (SEQ ID NO: 44) 
predicts that paired G's of residues 3 - 4, 7 - 8, 12 - 13 and 
16 - 17 can potentially form such a G-quartet structure. 
However, removal of residues 1 - 6 (RT18S (SEQ ID NO: 57)), 
which disrupted the intramolecular quartet, was ineffective in 
blocking the inhibition of CD28 expression and CD2 8 -dependent 
IL-2 production. These data suggest that the activity of RT03S 
(SEQ ID NO: 44) arises from an alternate G-quartet structure. 

RT03S (SEQ ID NO: 44) indeed has a similar 12 mer sequence 
to a motif predicted by others (Smith, F. W. , Feigon, J. (1993) 
B i ochftmi ffrry 32, 8682-8692) to be essential for dimeric 
G-quartet formation. Dimeric G-quartets can arise from two 
strands of DNA, alternately parallel and antiparallel . Here, 
adjacent strands contribute four G's to form four stacked 
G-quartets. A motif on each strand, consisting cf twelve 
residues with four bases separating two sets of contiguous four 
G's, was associated with formation and stability. We have shown 
that the core 12 mer sequence (RT18S (SEQ ID NO: 57)) has 
similar activity co RT03S (SEQ ID NO: 44) . Also G to C 
substitutions (RT10S (SEQ ID NO: 53), RT23S (SEQ ID NO: 56), 
RT24S (SEQ ID NO: 54), RT25S (SEQ ID NO: 55)) within both the 
four G regions resulted in a 56 - 69% loss of inhibitory 
activity reiarive zo RT03S (SEQ ID NO: 44). Similarly, 
insertion (RT20S -SEQ ID NO: 61), RT21S (SEQ ID NO: 62}) or 
deletion (RT15S (S EQ ID NO: 58)) cf bases separating the sees of 
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G's reduced the relative bioactivity by 52 - 70%. Taken 
together, these data suggest that a specific sequence motif, 
which has the capability to form a dimeric G-quartet, is 
critical for phosphorothioate oligo-mediated inhibition of 
functional CD28 expression. 

The mechanism by which this type of dimeric G-quartet 
exerts its biological effect is unknown. However, several lines 
of evidence substantiate the hypothesis that this motif enables 
our active oligomers to function as decoys, presumably by 
competitively hindering the interaction of a dimeric G-quartet 
promoter sequence with a specific transcription factor. 1) An 
oligomer corresponding to an upstream region of the CD23 gene 
(RT11S (SEQ ID NO: 50) ) exhibited equivalent biological activity 
to RT03S (SEQ ID NO : 44) . 2) Our active oligomers function via 
a non-antisense mechanism. 3) These oligomers modulated CD28 
mRNA expression; hence their bioactivity was not related to 
direct target protein interaction. 4) G-rich promoter regions 
are prevalent (Evans, T., Schon, E., Grazyna, G. M. , Patterson, 
J., Efstratiadis, A. (1984) Nucleic Acids Res. 12, 8043-805; 
Kilpatrick, M. W., Torri, A., Kang, D. S., Engler, J. A. , Wells, 
R. D. (1986) Biol. Chem. 261, 11350-11354; Clark, S. P., 
Lewis, C. D., Felsenfeld, G. , (1990) Nucleic Acids Res. 18. 
5119-5126.), increasing the possibility that G-quartet -forming 
promoter sequences are a general regulatory phenomena. 5) 
Double stranded oligomers can act as decoys for the 
transcription factor, E2F (Morishita, R., Gibbons, G. H., 
Horuchi, K. , Ellison, K. E. , Nakajima, M. , Zhang, L. , Kaneda, 
Y., Ogihara, T., Dzau, V. J. (1995) Prcc. Natl. Acad. Sci . USA 
92, 5855-5859) . 6) G-rich oligomers have been shown no mediate 
the induction cf Spl transcription factor (Perez, J. R., Li, Y., 
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Stein, C. A., Majumder, S., van Oorschot, A. , Narayanan, R. 
(1994) Proc. NaM Ar*H Qn-i ^ a , 5957-5961). 


INCORPORATION BY 

All patents, patents applications, and publications cited 
are incorporated herein by reference. 


EOtTTVAT.ENTS 

The foregoing written specification is considered to be 
sufficient to enable one skilled in the art to practice the 
invention. indeed, various modifications of the above -described 
makes for carrying out the invention which are obvious to those 
skilled in the field of organic chemistry or related fields are 
intended to be within the scope of the following claims . 
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CLAIMS 

What is claimed is: 

1. An oligomer capable of reducing CD28 gene 
expression in a T cell. 

2. An oligomer according to Claim 1, wherein said 
oligomer is capable of hybridizing to a CD28 gene transcript. 

3. An oligomer according to claim 2 wherein said 
oligomer hybridizes to the initiation codon of CD28. 

4. An oligomer according to Claim 1, wherein said 
oligomer is capable of hybridizing to a CD28 gene. 

5. An oligomer according to claim 4 wherein said 
oligomer hybridizes to a transcript the initiation codon of 
CD28. 

6. An oligomer according to claim 1 wherein the 
oligomer comprises at least 11 nucleic acid bases and no more 
than 50 nucleic acid bases. 

7. An oligomer according to Claim 1 wherein said 
oligomer is a DNA or RNA molecule. 

8. An oligomer according to Claim 1 having less than 
22 bases and including the sequence 5 * TTGTCCTGACGATGGGC7A3 ' , { SEQ 
ID N0:1) . 
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9. An oligomer 
22 bases and including the 
(SEQ ID NO: 2) . 


according to Claim 1 having less than 
sequence 5 ' AGCAGCCTGAGCATCTTTGT3 ' , 


10. An oligomer 
22 bases and including the 


according to Claim 1 having less than 
sequence 5 1 TTGGAGGGGGTGGTGGGG3 ■ , (SEQ 


ID NO:3) . 

11. An oligomer according to Claim 1 having less than 
22 bases and including the sequence 5 1 GGGTTGGAGGGGGTGGTGG- 

GG3 1 , (SEQ ID NO: 4) . 

12. An oligonucleotide according to claim l having a 
phosphorothioate backbone with 11 to 50 bases comprising at 
least two sequences of GGGG separated by 3 to 5 bases. 

13. A method for treating a disease which is at least 
partially mediated by CD28, said method comprising the step of: 

administering to a patient an effective amount of an 
oligomer according to Claim 1. 


partially mediated by CD28, said method comprising the step of: 
administering to a patient an effective amount of an oligomer of 
an oligomer having 11 to 50 bases comprising at least two 
sequences of GGGG separated by 3 to 5 bases. 

15. The method of Claim 13 wherein the oligomer 
comprises the sequence 5 'TTGGAGGGGGTGGTGGGG3 ' , (SEQ ID NO: 3). 


14 . A method for treating a disease which is at least 
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16. The method of Claim 13 wherein the oligomer 
comprises the sequence 5 • GGGTTGGAGGGGGTGGTGGGG3 ■ , { SEQ ID NO:4) . 

17. A method according to Claims 12-15 wherein said 
administration step further comprises the following steps: 

removing CD2 8 -expressing cells from a patient; 
introducing said oligomer into said cells whereby 
oligomer- transformed cells are produced, and returning 
said oligomer- transformed cells into the patient. 

18. A method according to Claims 12-15 wherein said 
administration step further comprises the following steps: 

removing CD2 8 -expressing cells from a donor; 
introducing said oligomer into said cells whereby 
oligomer- transformed cells are produced, and 
introducing said oligomer- transformed cells into the 
patient . 

19. A method according to Claims 12-15, wherein said 
oligomer is produced by transcription of an expression vector. 

20. A recombinant expression vector, said vector 
comprising, in operable combination, a promoter, and a 
polynucleotide sequence encoding an oligomer capable of 
inhibiting the inducible expression of CD28 in a T cell. 

21. A pharmaceutical formulation comprising an 
oligomer according to Claim 1. 
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22. The pharmaceutical of Claim 17 wherein the 
oligomer is 11 to 50 bases in length and comprises at least two 
sequences of GGGG separated by 3 to 5 bases. 

23. The pharmaceutical of claim 17 wherein the 
oligomer is 18 to 50 bases in length and comprises the sequence 
5 • TTGGAGGGGGTGGTGGGG3 ' , (SEQ ID NO : 3 ) . 

24. The pharmaceutical of claim 17 wherein the 
oligomer is 18 to 50 bases in length and comprises the sequence 
5 1 GGGTTGGAGGGGGTGGTGGGG3 1 , (SEQ ID NO:4) . 

25. A pharmaceutical formulation comprising at least 
two different oligomers according to claims 17-20. 

26. A pharmaceutical formulation according to Claims 
17-21, wherein said formulation is adapted for parenteral 
administration. 
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Figure 1A 

ootttoctt rnrcicicr coocrrocTr oencnrcc nerrncr r 

'I'lLTl'l'lLTI' TICTITCICT CTTICinCT GTCTTCCITr TCICATTCTG 
TIGOOCTOQC TOSAGroCAG TOQCATOATC TOQQCTCA3A GCAGCCICCA. 

exsccioasr TCaAGOGArr crocioocrr AGoncocr aoiaGciQGA 

TIACAGGTAC OCAQGA1GAT GOCT3QCIRA TnTTTOiaT TTICAA!IGGA 
GAOGGQSTIT CACCATGTIG G0CAGGCIO3 1CTIGACCIC CIQQ0C1CAA 
ATGATOCAOC CRL'ITIUUUC TOCEAAATIG CTGGCAmc AGGOGTCAGC 
CACIGCACCC GXCIGITCC TTCmAGAA CACITIGICT CCCCTmAT 
CTCTOCTOGA TITCAAGCAC OOCTITEACA CAACICTIGA TATOCATCAA -261 
TAAAGAATAA TTOCX30MG OOCATCATCT A2IGAC0GAC TO TTITICR G -211 
TGACAAAAAA AAAGICTTIA AAAAIAGAAG TAMAGICTA AAGICATCAA 

AACAftosrm TArocroror gaaatgctoz asreaGGftro cli ' iuiujit 

TGAGTOCCTT GATCATOIGC CCIAAGGGGA TOGTOQOOGr OSIGSIGQOC 
GTOGAIGACG G 


-661 
-611 
-561 
-511 
-461 
-411 
-361 
-311 


-161 
-111 
-61 
-11 


100 
150 
200 


Figure IB 

AGACTCTCAG QCCTIGQCAG GIGOGICTTT CAGTTCOCCT CACflCITCQG 50 
GTTOCroQQS C^GGAGGGGC TOGAAOTIA QOCCATCGIC AQC3flCAA«a 

M 

TCCICAGQCT GCICTIGQCT CICAACTTAT TOQCTICAAT TCAAGEAACA 
etLeuArgLe uHauUuAla LeuAsnLeuP heProSerll eSliiVallhr 
GGAAACAAGA TTITOSTCAA GCAGTO3Q0C ATOCTIGraG CGEAOGACAA 
GlyAsnLysI leLeuValLy sGlnSerPro IfetLeuValA lalyrAspAs 
TO03GTCAAC CITAQCTOCA AGTATTOCTA CAA1CICITC 1UAAGQGAGT 250 
rttlaValAsn teuSerCysL ysTyrSerTy rAsnLeuPhe SerArgGluP 
TOSKSIC CrnCACAAA GGACIGGATA GIGCTOIG G A. AGTCIGIGTT 300 
heArgAlaSe rLeuHisLys GlyLeuAspS erAlaValGl uValCysVal 
GEAIAIGGGA ATDODDCA GCAGCTICAG GTTEACICAA AAAGGGGGTT 350 
VallyrGlyA srflyrSerGl nGlnLeuGln VallyrSerL yslhrGlyPh 
CAACIGIGAT GQGAAATTO3 GCAATGAATC AGTGACATIC TACCTCCAGA 400 
eAsnCysAsp GlyLysLeuG lyAsnGluSe rValThrPhe lyrLeuGlnA 
ATTICTAror TAACCAAACA GATATTEACT TCIGCAAAAT TGAAGTIA3G 450 
snLeiflyrVa lAsnGlrflhr AspIleOyrP heCysLysIl eGluValMet 
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Figure 1C 

TAIDC30CIC CITAOCTAGA CAA3GAGAAG AGCAATOGAA OOOTATOCA 500 
TyrProProP rtfiyrLeuAs pAsnGluLys SerAsnGlyT hrllelleHi 

TGIGAAAGGG AAACACCTTT GTOCAAGTOC CCI AT l' lUT QGACCTIUrA 550 
sValLysGly LysHisLeuC ysProSerPr oLeufhePro GlyProSerL 

AJUULTITIU GS IG glGg rG GIGGTTOSIG GAGICCroQC TIGCTASAGC 600 
ysProFheTr pValLeuVal ValValGlyG lyValLeuAl aCysTyrSer 

TIGCTACTAA CACTQGCX7IT TATTAnTIC TOGGIGAGGA GIAAGAGGAG 650 
LeuLeuValT hrValAlaPh ellellePhe TrpValArgS erLysArgSe 

CAGOCTOCIG CACAGIGACT ACA2GAACAT GACTCCCOGC OGOOOOGGGC 700 
rArgLeuLeu HisSerAspT yrMstAsnMs flhrProArg ArgProGlyP 

CCAOCOGCAA QCATEACCAG QCCTATGCOJ CACCAOGOGA CITOGCMOC 750 
rtfltarArgLy sHisTyiGln PrtfiyrAlaP roProArgAs pHieAlaAla 

T3aO3CT0Crr GACAOGGAOG CCEATOCAGA AG0CAG00GG CTOQCAGOOC 800 
TVrArgSer. . . 

CCAICIGCTC AAJEA3CACTG CIUT3GATAG GAAATCACOG CCATCTO CA G 850 

0QQQ0CA0CT CAG00QCK7T TQQGOCAOCA AIGOCAATIT TICICGaGIG 900 

ACIAGAOCAA ATATCAAGAT. CATTTIGAGA CICIG AAATO AACTAAAAGA 950 

GATTICCIGr GACAGGOCAA GICTEACAGT GCCATOGCOC ACATICCAAC 1000 

TffiOCATOEA CTTACTGACT TGACIGAGAA GfTTAGOGflM AAAACAAAAA 1050 

GGGAGIGGAT TCTGG2AG0C 'ILTlUULTiT CICACICAOC TOCACAICIC 1100 

AGTCAAGCAA AGIGIGGTAT CCACAGACAT TmGTIGCA GAAGAAAGGC 115 0 

TAGGAAA1CA TICCTTTIQG TTAAATOGGT GTTEAA3CIT TTOGTEA glG 1200 

QGTEAAAOQG GGTAAGTIAG AGTCBGOGGGA GGGATAGGAA GACA33VTITA 1250 

AAAAOCA3TA AAACACIGIC TCOCACICAT GAAATGAGOC AOGER GTIOC 1300 

TArmATOC rorrrrocrr taGtRtagaa aiacaeagac to tcictht 1350 

AIGAATIUIG A3CA3MTIA GTCATTTIGA CCAAAIGAGG GATTK3GTCA 1400 

AAttfflGGGAT TCCCICAAAG CAAXAICAGG TAAAOCAAGT TOCTHCCIC 1450 

ACTCOCIGIC AIGAGACTIC AGICTEAAIG TTCACAATAT ACTTIDGAAA 1500 

GAATAAAAXA GITC 1514 
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Figure 2 
Phosphorothioate 
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Figure 3B 
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Figure 3C 


c 100 



SUBSTITUTE SHEET (RULE 26) 


WO 96/24380 


PCT/US96/01507 


7/18 



< 
S 


i— 


<S « 


< 

•5 < £5 

« S D D 
2 £ U u 

□ □ ■ ■ 


SUBSTITUTE SHEET (RULE 26) 


WO 96/24380 PCT/US96/01507 


8/18 


u 

in 
o 

3 

60 


in 
60 



< 

in 

a 
«~ 

3 
60 



< 

.2 £ - 
■5 ^5 
* O 

2 u 

□ ■ 


SUBSTTTUTE SHEET (RULE 26) 


WO 96/24380 


9/18 


PCT/US96/01507 


is <n o 


> 


- V20DXH 

- VIODXH 

- VW1H 

- VE01H 

- V201H 

vioxa 


£ 5E 5 ? 5 *"" 


CO 

vo 

3 

LI 




SUBSTITUTE SHEET (RULE 26) 


WO 96/24380 


10/18 


PCT/US96/01507 


* * © 
in in f 

■ □ B 


> 


s 


— T" 




nop pqnjui <^ 


u 
3 

00 


s 8 
□ ■ 


o 


rapt 


SUBSTITUTE SHEET (RULE 26) 


WO 9G/2438D 


11/18 


PCT/US96/01507 


< 

£ £ s s s 
s 8 ■* s 

□ ■ ■ □ B 


00 


rvcoaia 
vzoara 
1-viqdih 
-vwiia 
-vaua 

VIOLH 


> 


— I— 

s 


— r- 



> 

(9 


SDH 


SUBSTITUTE SHEET (RULE 26) 


WO 96/24380 


PCT/US96/01507 


12/18 


Figure 9 
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Figure 12 
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Figure 13 
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Figure 15 
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